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ABSTRACT
 
As part of a program to evaluate and develop technologies that are 
applicable for remediation of contaminated soils at manufactured gas 
plant (MGP) sites, pilot plant tests of a thermal desorption treatment 
technology were performed. Coal-tar-contaminated soil samples from 
three MGP sites were characterized, and bench-scale treatability tests 
were performed to establ ish trea tmen t condi tions to use for the pilot 
tests A series of 11 pilot tests were completed using an indirectly 
heated rotary desorber operating at 30 to 60 kilograms/hour of soi1. 
Treatment conditions of 300°C and 400°C and soil residence times of 5 
and 9 minutes were used. Residual concentrations of polycyclic aromatic 
hydrocarbons (PAHs) were analyzed for all treated soil samples to 
determine treatment performance of the bench-scale and pilot plant test 
systems. Treatment efficiencies varied from 88 to greater than 99.9 
percent, depending on treatment conditions. Total PAH concentrations 
were reduced to between 150 and 1 part per million (ppm) from in1tial 
levels of 2000 to 400 ppm. Temperature, residence time, and soil type 
all had a significant effect on treatment efficiency. Reasonable 
agreement was found among results from the static, batch, bench-scale 
test apparatus and the dynamic, continuous pilot plant This report 
presents the test results and describes the experimental procedures 
vii 
EXECUTIVE SUMMARY
 
At some manufactured gas plant (MGP) sites, soils have become 
contaminated with waste materials including coal tar generated during 
former gas plant operations. In cases where contaminated soils require 
remedial action, on-site thermal treatment offers a solution that 
removes the contamination and the associated liabillities. Thermal 
desorption is a relatively new technology, and has had limited full­
scale application. A previous laboratory treatability study determined 
that thermal desorption at moderate temperatures (300°C to 450°C) could 
achieve very high removal efficiencies for polycyclic aromatic hydro­
carbons (PAH), which are principal constituents of coal tar. An under­
standing of the specific process requirements to treat different soils 
to meet specific cleanup levels is important to effectively apply this 
technology. 
The objectives of this study were to demonstrate on an engineering 
scale the effectiveness of thermal desorption for decontamination of MGP 
site soils, to confirm the importance of primary treatment variables, 
and to evaluate the correlation between bench- and pilot-scale test 
systems. The study consisted of acquiring, preparing, and 
characterizing soil samples; conducting bench-scale baseline thermal 
desorption tests; operating a thermal desorption pilot plant for a 
series of treatment tests; analyzing treated soil samples; and 
evaluating the treatment results. 
Two sites having known coal-tar-contaminated soil which could be 
provided for this project were identified through contact with utilities 
in Illinois. Also, a utility in California provided MGP site soil for 
independent testing. This report includes results for soils from all 
three sites. Several drums of soil were shipped from each site to IT 
Corporation's (IT's) Environmental Technology Development Center where 
the soi 1 was prepared for testing. Preparation included air drying, 
blending, and removing very coarse material to provide a homogenous soil 
batch which could be used in the bench-scale tests and be processed in 
the pilot plant. Physical, chemical, and thermal properties were 
measured for each prepared soil to provide a basis for evaluating the 
influence of soil type on treatment performance. Total measured PAHs 
were approximately 2,000 parts per million (ppm) for two soils and 400 
ppm for the other soil. The soil properties were relatively 
consistent. 
A series of nine bench-scale tests were conducted using a static 
tray test procedure which had been employed in many previous soil 
thermal desorption studies. In each test, about 30 grams of soil were 
SUbjected to temperatures of about 300°C to 400°C for specified times of 
approximately 5 to 8 minutes. These desorption conditions had been 
determined in earlier laboratory studies to provide PAH treatment 
efficiencies ranging from 80% to greater than 99%. The results of the 
static tray tests were used to confirm the planned pilot plant test 
conditions. 
viii 
A total of 11 pilot tests were conducted in three phases. The test 
matrix consisted of tests of each soil at 300°C and 400°C for approx­
imately 9 minutes. Two soils were also tested at 300°C and 400°C for 
only 5 minutes and the third soil was tested at 350°C for 9 minutes. To 
facilitate comparison of results, these conditions were comparable to 
those of the static tray test The pilot thermal desorption system 
consisted of an indirectly heated rotary calciner with a condensing­
scrUbbing system used to treat the off-gas. For each test, soil was 
processed continuously at about 30 to 60 kilograms/hour for a 1-hour 
steady-state period. Treated soil was collected, sampled, and analyzed 
for residual PAH concentrations. 
The results of the pilot tests demonstrated that total quantified 
PAH levels were reduced to about 1 ppm at the longest residence time and 
highest temperature conditions Less time and lower temperature 
generally had a significant effect on PAH treatment efficiency, which 
ranged from 80% to greater than 99.9%. The three soils produced 
different results, particularly at the lower temperatures, but all were 
effectively treated. The bench-scale and pilot plant results compared 
reasonably well. There was no consistent evidence to establ ish that 
either system achieved better treatment performance than the other under 
the same conditions. 
This project confirmed thermal desorption to be an effective remedi­
ation technology for removal of PAHs from MGP site soils. Treatment 
performance at comparable treatment conditions appears to be scaleable 
from the laboratory to the pilot plant based on the particular types of 
test systems used in this study. Testing should be considered for a 
specific MGP site prior to full scale application, since soil type can 
affect performance, and process parameters such as soil mixing and tem­
perature profile will vary with different types of thermal treatment 
systems. The presence of other contaminants that may be contained in 
soil from a particular MGP si te should also be determined, and the 
effect of thermal treatment on these other compounds should be 
ascertained. 
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INTRODUCTION
 
1 1 OBJECTIVES 
This research project was performed to: (1) demonstrate the 
treatment performance of thermal desorption technology on coal-tar-con­
taminated soils from manufactured gas plant (MGP) sites using 
engineering-scale (pilot) equipment and (2) evaluate the correlation 
between bench-scale and pilot-scale tests Pilot-scale treatability 
data would provide an improved basis for projecting full-scale process 
performance, since the soil used in testing is more representative of 
field conditions and the treatment process conditions are more represen­
tative of full-scale equipment. A good correlation between bench- and 
pilot-scale test results would support the use of inexpensive laboratory 
testing methods for determining the applicability of thermal desorption 
to a specific soil Treatment results from two substantially different 
types of test systems would also be useful in evaluating the engineering 
scale-up of the technology 
1.2 BACKGROUND 
It has been reported that there are more than 1,500 MGP sites in the 
United States, with over 90 located in Illinois (Eng, 1985). Site in­
vestigations have identified the potential for contamination at these 
sites that has resulted from past disposal practices (Harkins et al., 
1988). Thermal desorption has been identified as a candidate treatment 
technology for contaminated soils at MGP sites (GRI, 1987). Thermal 
desorption studies of MGP soils first carried out in the Netherlands 
investigated the temperature and residence time conditions required to 
remove cyanide, which originated from spent iron-oxide used to remove 
sulfur from MGP off-gas (de Leer, 1985) Research sponsored by the Gas 
Research Institute (GRI) confirmed the technical feasibility of and 
defined the approximate treatment requirements for removing polycyclic 
aromatic hydrocarbons (PAHs) and cyanide (Helsel and Groen, 1988) The 
effectiveness of thermal desorption to remove other organic contaminants 
having low to moderate volatility has been demonstrated in recent 
research (Alperin et al , 1989; Fox et al , 1989; Helsel et al , 1986; 
Lauch et al , 1989) 
To predict the ability of full-scale thermal treatment processes to 
decontaminate soil and to ensure that a specific process can meet 
required cleanup criteria, laboratory and pilot-scale treatment data 
must be generated, interpreted, and translated Such data are also 
useful in developing and designing improved full-scale systems. There 
are many process var iables which influence desorption, but currently 
there are inadequate data from comparable laboratory, pilot-scale, and 
full-scale systems to provide a comprehensive quantitative basis for ­
detailed process scale-up and optimization. 
In early 1988, an engineering-scale demonstration of thermal desorp­
tion was defined and proposed by IT Corporation (IT) to the Illinois 
Hazardous Waste Research and Information Center (HWRIC). The project was 
co-funded by HWRIC and GRI and was intended to test two representative 
Illinois MGP sites. After the initiation of the project, a separate but 
related thermal desorption demonstration was conducted in parallel by IT 
for a California utility This supplemental project involved basically 
the same testing program and the results have been incorporated into 
this report 
1 3 RELATED RESEARCH 
Since 1986, GRI has funded or co-funded several projects which 
address thermal treatment of soils from MGP sites IT completed a 
bench-scale treatability study that demonstrated the effectiveness of 
the technology in achieving very low-residual concentrations of 
polycyclic aromatic hydrocarbons (Helsel and Groen, 1988) That stUdy 
evaluated the importance of treatment temperature, residence time, and 
soil type on treatment performance That study also confirmed earlier 
research showing that complexed cyanides in MGP soils could be treated 
(de Leer, 1988) A second laboratory study by IT investigated the 
effect of thermal treatment on the metal leaching characteristics of 
treated MGP soil A topical report covering this stUdy is to be issued 
within a few months 
GRI has also co-funded research at the University of Utah The Utah 
study, under the direction of Dr. David Pershing, involves fundamental 
research investigating desorption kinetics and heat and mass transfer 
Models representing the total thermal desorption process are being 
developed by Utah for predicting full-scale performance and for 
determining how to improve thermal treatment processes The projects at 
IT and Utah have been closely coordinated For example, the same soil 
used in the study reported here was also used by the researchers at Utah 
for measuring desorption characteristics Also, other pilot tests using 
uncontaminated sand and clay were performed by IT to generate heat 
transfer data for use by Utah in assessing their heat transfer model for 
indirectly heated rotary thermal desorbers Results of the Utah 
research program, which is still underway, are being reported separately 
(Lighty et al , 1989, a, b, and c; Silcox et al , 1989) 
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2. SOIL CHARACTERIZATION
 
Soil samples from two MGP sites in Illinois were obtained from two 
utilities for use in the HWRIC/GRI project Soil from one site in Cali­
fornia was supplied by another utility for the supplemental project 
identified in Section 1.2. The soil samples were prepared by IT for 
testing and analysis of physical, thermal, and chemical properties to 
help in the evaluation of the treatment results 
2.1 SOIL ACQUISITION 
In searching for potential sources of soil for testing, the presence 
of coal tar contamination at appropriate concentrations had to have been 
previously established by the utilities and an adequate amount of 
contaminated soil had to be available or accessible within a reasonable 
time period It was intended that different soil types be used to 
establish the importance of soil characteristics on treatment 
performance. 
A written request describing the project requirements was sent to 
all Illinois utilities or utilities known to have MGP sites in 
Illinois Two principal requirements were that (1 ) the candidate soil 
have at least 100 parts per million (ppm) PAHs and less than 5 percent 
coal tar and (2) approximately 1,000 kilograms (kg) could be 
supplied None of the Illinois utilities contacted could provide SOil, 
principally because the sites were inactive (i e , no site assessment, 
etc. was in progress) or inaccessible (i e, not owned by the 
utility) Although there were plans at some sites to conduct site 
activities which would enable soil samples to be obtained without signi­
ficant expense, it was not certain if these opportunities would occur 
within a reasonable time However, two utilities offered samples of 
test borings that had been collected and stored in drums at the 
respective MGP sites 
Since some field analysis had been performed, it was possible for 
utility representatives familiar with the site sampling activities to 
identify candidate drums of borings Candidate drums generally 
represented bor ings in apparent "hot spots/zones. n Small samples were 
initially taken from these candidate drums and shipped to IT for 
screening analysis of PAHs and visual inspection This preliminary 
information led to the shipment of five selected drums from each site to 
IT's Environmental Technology Development Center in Oak Ridge, 
Tennessee. These sites and corresponding soils were labeled A and B to 
maintain their anonymity Site A was the site of both a coal carboniza­
tion and (later) a water gas plant, and Site B was formerly used for a 
water gas plant The cooperation of these utilities in acquiring the 
soils was critical to the project 
Two drums of soil obtained for the supplemental California testing 
project were excavated from a 0 3- to 1.0-meter depth from a single "hot 
spot," and shipped to IT by the utility This soil was designated Soil 
C Site C was formerly the site of an oil gas plant. 
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2 2 SAMPLE PREPARATION 
Normal soil preparation procedures, which have been used by IT for 
other pilot thermal desorption tests, were used Each test soil had to 
be uniform in properties and contaminant concentrations, and have 
satisfactory material handling characteristics. Each urum from Sites A 
and B was emptied into separate, large metal trays The condition of 
each drum's contents was noted The soil in all drums was very wet with 
some drums containing a water layer The color and consistency varied 
significantly even within certain drums« Most of the contents of the 
drums was fine-grained soil ranging in color from black to brown. 
The soil was allowed to air dry with periodic manual mixing and til­
ling until it was nearly dry and free flowing Air drying was necessary 
to enable thorough blending for uniformity and to ensure proper feeding 
(i.e, material flow) into the desorber pilot plant Oversized material 
(e.g , stones, debris) was removed, and the partially prepared soil was 
placed back in the drums Samples from each drum were analyzed us ing 
gas chromatography (GC) to confirm the presence of suitable PAH concen­
tration. For Soil B, one drum having a very low PAH concentration was 
not included in the batch preparation The soil was transferred to a 
cement mixer for thorough blending, and then screened through a 1 3 cen­
timeter (em) wire cloth into a large metal tray. Particles larger than 
about 1 5 em cannot pass through the mechanical feeder of the pilot 
plant Lumps in the soil were manually broken 
Twenty grab samples were taken from grid locations in each prepared 
soil batch and three of these, selected at random, were analyzed by GC 
to establish the uniformity of PAH concentrations Variability of con­
taminant concentration was likely due to the use of borings from many 
different locations/depths After noting significant variation in 
initial PAH results, the three original samples of each batch were 
further mixed in the laboratory, and larger aliquots were taken for ex­
traction and analyses The additional sample preparation resulted in a 
good comparison (i e , ±two percent of average) between the total PAH 
values for the triplicate analyses. A large composite sample of each 
soil batch was then prepared from all twenty of the grab samples for 
complete characterization and for use in the bench-scale desorption 
tests 
Each soil batch was redrummed, sealed, and weighed Approximately 
900 kg of Soil A and 700 kg of Soil B were available for testing. 
Samples of each batch were shipped to the University of Utah for thermal 
desorption studies being conducted in coordination with this project 
Soil C, used in the supplemental testing, required less preparation 
since it arrived as a dry, free-flowing material which appeared rela­
tively uniform It was transferred from the two drums into a metal 
tray, inspected, screened wi th a 1 3-cm wire cloth, manually blended, 
and placed back in the drums. Triplicate samples were taken to estab­
lish uniformity PAH concentrations were very close and were similar to 
the levels obtained from previous analyses performed by the utility. A 
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composite 
tests. 
sample was prepared for characterization and bench-scale 
2 3 SOIL PROPERTIES 
Physical, chemical, and thermal properties of the prepared test 
soils were measured to enable comparison of treatment results with soil 
characteristics. The analytical parameters and corresponding analytical 
methods are listed in Table 2-1 Table 2-1 also identifies the methods 
used to analyze contaminant concentrations which are presented in 
Chapter 3. Soil C, used in the supplemental testing, was not analyzed 
for all parameters based on the utility's requested scope of work. 
Other research, as identified in Section 1.2, has indicated that 
soil characteristics can influence thermal desorption of organic 
compounds Particle size can effect the surface area where 
volatilization occurs and the diffusion pathways within and between soil 
particles Moisture effects the heat content and amount of volatiles 
emitted from the soil Organic matter, which includes naturally 
occurring humic materials, etc., effects the sorption of organic 
contaminants Heat of combustion, ash and thermal gravimetric analysis/ 
differential scanning calorimetry (TGA/DSC) define the behavior of the 
soil matrix as it is exposed to elevated temperatures 
Table 2-2 presents the soil properties. Bulk density measurements, 
which were determined during the pilot tests by weighing buckets of soil 
fed into and discharged from the desorber, are included in Table 2-2 
TGA/DSC results are presented separately Analytical data reports are 
included in Appendix A. 
Overall, the three soils have very similar properties except for 
organic matter, which is much higher for Soil C Total organic carbon 
(TOC) , organic matter, ash, and heat of combustion values for Soils A 
and B are very similar There is a reasonable compar ison between TOC 
and organic matter for these two soils. Both analytical methods use 
chromate oxidation/digestion, but different detection methods The 
particle size distribution of Soils A and B are nearly identical Soil 
C is a coarser- grained soil, but has a clay fraction similar to Soils A 
and B. Bulk density of the soils, as fed to the pilot desorber, are the 
same The ash values correspond reasonably well with the weight loss 
attributed to moisture and organic matter Heat of combustion values 
for Soils A and B are somewhat higher than would be estimated by the 
organic matter content, whereas there is reasonable correlation between 
these parameters for Soil C. All soils are slightly alkaline. 
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Table 2-1. Identification of Analytical Parameters and Methods 
Analysis Method Designation Reference 
Moisture 
Particle size 
pH 
Total organic carbon 
Organic matter 
Ash 
Heat of combustion 
TGA/DSCg 
Sulfur 
Oil and grease 
Cyanides (total) 
Polycyclic aromatic 
hydrocarbons 
02216-80 
D422-63 
9045 
501 
90-3 (Walkley-Black) 
D2974-84 
D2015-77 
E967-83 
D4239-83 
Quick Chern D-204-00-1-A 
9010 
3550/8310 (HPLC)j 
3550/8100 {GC)k 
3550/8210 (GC/MS)l 
EPA SW846b 
Standard 
methodsc 
ASTMe 
ASTMf 
ASTMh 
ASTMf 
LACHAT i 
EPA SW846b 
EPA SW846b 
a1985 Annual Book of ASTM Standards, Vol. 04/08, Soil and Rocks, Building 
Stones 
bTest Methods for Evaluating Solid Waste, EPA, SW846 , 3rd ed , November 
1986. 
CStandard Methods for the Examination of Water and Wastewater 16th Ed , 
American Public Health Association, 1985 
dAmerican Society of Agronomy Methods of Soil Analysis, Part 2, Chemical and 
Microbiological Properties, C. A Black, ed , American Society of Agronomy, 
1965. 
e1987 Annual Book of ASTM Standards, Volume 04 08, Soil and Rocks, Building 
Stones 
f 1984 Annual Book of ASTM Standards, Vol 05 05, Part 26, Gas Fuels; Coal and 
Coke; Atmospheric Analysis 
gThermogravimetric analysis/differential scanning calorimetry ~1983 Annual Book of ASTM Standards, Vol 14 02, Thermal Measurements, etc 
lQuick Chern Method No 10-204-00-1-A (flow injection analysis), LACHAT 
,Instruments - 1987. 
JHigh performance liquid chromatography. 
kGas chromatography 
lGas chromatography/mass spectrometry 
6 
Table 2-2 Test Soil Properties 
Value 
Parameter Soil A Soil B Soil C 
Moisture (%) 4 1 7.7 (2.6)a 8 6 
Particle size distribution (%) 
Coarse sandb 4 0 4.3 8 6 
Medium sandc 
Fine sandd 
8 2 
16.5 
8 5 
14 4 
21 0 
43 5 
Silte 55 8 56.1 16 5 
Clayf 15.5 16 7 10 4 
Bulk density (g/cc)g 1 2/1 4 1.2/1 3 2/1 3 
pH (standard units) 8 7 7h 8 3 
Total organic carbon (%) 0 75 o 90 NA i 
Organic matter(%) 1 0 1 5h 8 35h 
Ash (%) 96 5 94.8 NA i 
Heat of combustion (Kjoule/kg) 189h 168 25Sh 
aThe value in parentheses represents the composite sample which was used for 
all analytical determinations and bench-scale tests The higher value 
represents the feed soil after the moisture content had been adjusted for the 
pilot tests 
b)2 millimeter (mm) (>10 mesh). 
c425 microns to 2 00 mm (40 to 10 mesh). 
d75 microns to 425 microns (200 to 40 mesh) 
;5 microns to 75 microns «200 mesh) 
<5 microns 
gSoil feed/soil discharge 
~Average of duplicate analyses 
iNA = Not analyzed. 
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The results of the TGA/DSC analysis for Soils A and B showed no 
significant thermally induced transformations (i e , no major endotherm 
or exotherm) Weight loss occurred gradually with temperature 
increase At 500°C, only about 3 percent loss had occurred in both 
soils. The TGA/DSC scans are included in Appendix A Soil C was not 
subjected to this analysis 
2.4 CONTAMINANT CONCENTRATIONS 
Cyanide and sulfur were analyzed as indicators of spent oxide resi­
dues. Coal tar contamination was determined by oil and grease and PAH 
analyses Complete analysis for all volatile and semivolatile (acid and 
base/neutral) organics on the U S Environmental Protection Agency 1 s 
(EPA) Hazardous Substances List (HSL) was not done PAHs were used, 
based on previous research, as the principal constituents used to 
measure treatment performance Volatile organics such as benzene and 
tOluene, which have been identified as minor coal tar constituents, were 
not analyzed These compounds would be effectively desorbed at lower 
temperatures than those used in this study, and, therefore, are not good 
indicators of treatment performance. In addition, volatilization loss 
would be likely to occur during the soil preparation process 
For Soil C, which was analyzed and tested first, PAHs were 
quantified using gas chromatography/mass spectrometry (GC/MS) The 
procedure could not achieve low enough detection limits due in part to 
interferences present in the solvent extract High-pressure liquid 
chromatography (HPLC) was selected for analysis of treated Soil C 
samples and untreated and treated samples of Soils A and B. 
Table 2-3 Test Soil Chemical Analysis 
Concentration (ppm)a 
Parameter Soil A Soil B Soil C 
Total sulfur 1,600 1,900 1,800 
Oil and grease 3,300b 2,300 8,600 
Cyanide 10 7 o 6 
Polycyclic aromatic hydrocarbon 2,107 1,999 366 
compounds (total quantified)c 
appm - Parts per million 
bAverage of duplicate analyses 
CAnalysis of Soils A and B by HPLC; analysis of Soil C by GC/MS 
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Table 2-3 presents the analytical results for all three soils The 
three soils have similar contaminant concentrations. Spent oxide resi­
duals do not appear to have impacted any of the soils based on the low 
sulfur and very low cyanide values Total PAH values, which are the sum 
of fifteen individual PAH compounds included on EPA's HSL, were nearly 
the same. Oil and grease values for Soils A and B correlated with the 
total PAH values The oil and grease value for Soil C was much higher 
than the total PAH value, indicating that other organic materials are 
present The total PAH values are similar to those found in soils used 
for previous bench-scale thermal desorption tests and are high relative 
to reported values compiled in the MGP site database (GRI, 1988). 
Table 2-4 provides specific PAH concentrations in the untreated 
soils The total PAH values are probably slightly low because several 
PAH compounds were apparently present at levels below the detection 
limits for the untreated soil samples Evidence that most of the 
nondetected compounds are probably present can be found in the PAH 
analysis of the treated soils (Chapter 5) In general, the treated soil 
samples had much lower analytical background interference, and detection 
levels for specific PAH compounds were several orders of magnitude lower 
than those for the untreated soils 
Table 2-4 shows that the distribution of quantified PAH compounds 
for Soils A and B is very similar except for naphthalene, which is 10 
times higher in Soil A Comparison is limited because several compounds 
were not detected; the corresponding detection 1 imi ts were quite high 
due to background interference. Soil C has a different PAH distribution 
with a significantly greater portion of higher molecular weight com­
pounds, particularly benzo (g,h,i)perylene Nearly 70% of the 366 ppm 
total quantified PAHs for Soil C were PAH compounds having molecular 
structures of five or six rings. Only about 5% of the total PAHs for 
Soils A and B are represented by these compounds, which include 
benzo(g,h, i) perylene, indeno{ 1,2,3-cd)pyrene, benzo(b)fluoranthene, 
benzo (k)fluoranthene, benzo(a)pyrene, and dibenzo(a,h)anthracene As 
with Soils A and B, the nondetectable results for several PAHs prevent a 
complete comparison 
The difference in PAH distribution between Soils A and B, and Soil 
C, may be attributed to the type of MGP process and feed stock used 
Although the composition of oil tar associated with oil gas production 
(Site C) is reportedly similar to tars from carburated water gas plants 
(Site A and B), lamp black produced by the oil gas process contains 
predominantly higher molecular weight PAHs (GRI, 1987) Changes in PAH 
concentration due to relative distribution as a result of aging at each 
site, and excavation and preparation of the test soils must also be 
considered in comparing these analytical results 
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Table 2-4. Concentration of Polycyclic Aromatic Hydrocarbons 
in Untreated Test Soils 
Compound 
Concentration (ppm)a,b 
Soil A Soil B Soil C 
Acenapthene 210 390 ND (85)c 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
ND 
ND 
46 
39 
ND 
(160) 
(160) 
(160) 
190 
55 
34 
18 
40 
ND (85) 
15d 
34d 
25d 
32d 
Benzo(g,h,i)perylene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
18 
ND (160) 
ND (16) 
260 
18 
ND (150) 
ND (15) 
230 
110 
19d 
11 d 
28d 
Fluorene 
Indeno{1,2,3-cd)pyrene 
170 
14 
230 
18 
ND (85) 
37d 
Naphthalene 680 66 ND (85) 
Phenanthrene 
Pyrene 
410 
260 
490 
220 
ND (85) 
55 d 
Total quantified 2, 107 1,999 366 
aparts per million (milligram/kilogram)
 
bAnalysis of Soils A and B by liquid chromatography; analysis of Soil C
 
by gas chromatography/mass spectrometry 
cND = Not detected; detection limit given in parentheses 
dEstimated value less than the detection limit 
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3 BENCH-SCALE TESTING
 
Ttu'ee tests for each test soil were performed using a standard 
static tray test procedure that IT has used to study thermal desorption 
of many different contaminants and soil/solid types The tests were 
performed at two temperature ran~es and two residence times These test 
conditions were determined from previous treatability test results of 
other MGP site soils (Helsel and Groen, 1988) The conditions were 
selected to achieve residual total quantified PAH levels of approxi­
mately 100 ppm to slightly less than 1 ppm, while maintaining residual 
concentrations of most individual PAH compounds above analytical detec­
tion limits. The bench-scale tests were intended to provide a reference 
to compare with the pilot test results The test equipment, procedures, 
and results are described below 
3.1 STATIC TRAY TEST DESCRIPTION 
Figure 3-1 is a schematic, drawn approximately to scale, of the in­
terior of the static tray test apparatus The tray, in which each soil 
specimen was placed, was approximately 9 centimeters (cm) wide by 3.2 cm 
high by 19 3 cm long The tray containing the soil specimen was heated 
using a Lindberg Furnace, Model 51848, with an electronic temperature 
controller and 1600-watt heater system. The oven is a double-shell con­
struction with interior surfaces made of Moldatherm@, a molded aluminum­
silicate insulation material. The interior space is approximately 10 em 
wide by 11 em high by 21 cm deep This oven is capable of operating up 
to 1100QC, and has a relatively fast heat-up rate because of low mass 
Typical heat-up time for air-dried soil is 4 to 6 minutes to achieve the 
target test temperature. The quantity of soil, initial moisture 
content, and final soil temperature influence the heat-up time. 
A oontinuous purge of the interior space was provided by injecting 
nitrogen from gas cylinders The purge gas was directed through 0 8-cm­
diameter tUbing against the back wall to promote preheating and distri­
bution. The purge gas flow rate, which was measured using a calibrated 
rotameter, was maintained at apprOXimately 90 cubic centimeters (cc)1 
minute, equivalent to 6 percent turnover per minute A callbrated, 
type-K, thin-film thermocouple was inserted within the thin soil layer 
at the center of the tray. This thermocouple was prevented from 
contacting the metal tray by a thin piece of ceramic filter paper 
Another thermocouple was placed approximately 2 cm above the soil 
surface at the center of the oven Both these thermocouples and the 
temperature indicator were calibrated according to standard practices 
A third thermocouple was connected to the oven temperature controller 
A quartz digital chronometer was used to measure time during each test 
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A single prQcedure was established for all desorption tests A 
representative aliquot of prepared soil was transferred to a clean tray, 
which had been weighed empty. The soil and tray were weighed, and the 
soil quantity adjusted to achieve approximately 30 grams The soil was 
distributed within the tray to a uniform depth of 2 to 3 millimeters 
(mm) This test procedure utilizes a small quantity of soil to minimize 
heat-up time and to produce a very thin soil layer that has minimum 
inter-particle diffusional resistance After adjusting the purge gas 
flow to the proper setting on the rotameter, the tray with soil was 
placed in the oven at ambient temperature and the oven door was 
closed. The oven temperature controller set point was adjusted to the 
target test temperature and the timer was started. Temperatures were 
recorded continuously throughout the test period. The oven temperature 
controller was adjusted as necessary to maintain the soil temperature at 
the desired value 
When the prescribed residence time at the target soil temperature 
was reached, the oven heater and purge gas flow were shut off and the 
oven door was opened The hot tray and soil were cautiously withdrawn 
using special tongs, a metal cover was placed on the tray, and the 
covered tray was placed in a separate hood for cooling for approximately 
1 hour. The tray (without cover) containing the treated soil was 
weighed to determine total weight loss resulting from treatment An 
aliquot (typically about 10 grams) of treated soil was transferred from 
the tray to a tared, 60-cc, widemouthed, amber bottle with Teflon®-lined 
cap. This aliquot was coded, labeled, and submitted for analysis The 
remainder of the treated soil was transferred to an identical type 
bottle and was labeled and stored as a retainer The tray, cover, and 
nondisposable implements were cleaned using an acetone rinse, followed 
by a detergent wash, a distilled water rinse, a second acetone rinse, 
and air drying. 
3 2 STATIC TRAY TEST RESULTS 
Three tests were conducted with each test soil. Nominal test condi­
tions of 300°C and 400°C soil temperature and 8 minutes residence time 
were used for all three soils. Soils A and B were also tested at 400°C 
for 5 to 6 minutes For Soil C, which was tested before Soils A and B, 
the lower temperature (approximately 300°C) was used for two tests One 
test involved an extended residence time of about 25 minutes, which was 
similar to conditions used for previous studies 
Table 3-1 summarizes the test conditions and residual total PAH con­
centrations for all 9 tests The tests are listed in order of increas­
ing temperature and residence time. The reported soil temperature 
values include a nominal (or target) value, an average value, and a 
range which indicates the variation in soil temperature during the ­
"residence time at temperature" Residence time at temperature is 
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Table 3-1 Statlc Tray Test CondItIons and Analytlcal Results 
Tlme at
 
Test SOll Temperature {OC)a Temperature Welght Loss Total PAH Concentratlon (ppm)c
 
No. NomInal Average Range (mlnutes)b 00 Untreated Treated
 
AL1 300 302 282-312 8 9 4 0 2107 151 
AL3 400 403 383-422 5 8 4.0 2107 1 9 
AL2 400 399 379-410 8 8 7 7 2107 4 3 
BL1 300 312 292-322 8 2 1.9 1999 22 9 
BL3 400 418 398-431 5 0 2 6 1999 1 6 
BL2 400 422 402-440 7 9 2.9 1999 0.1 
CL 1 300 329 309-340 6 3 10 0 366d 21.8d 
CL2 300 337 317-342 25 9 9 0 366d 18.7d 
CL3 400 447 427-455 7. 1 10 9 366d 2 5d 
J-l 
+::-
­
aTemperature of sOll after heat-up perlod durIng test (steady-state) perIod 
bTIme at WhICh s011 IS at average temperature ±20°C 
Cppm - Parts per mIllIon 
dTotal of fIve selected IndIcator polycyclIC aromatIc hydrocarbons [benzo(k)fluoranthene, benzo(a)pyrene, 
chrysene, phenanthrene, and pyrene] 
defined as the period during which the soil is within 20°C of the 
average Figure 3-2 illustrates a typical time-temperature profile for 
a static-tray test Time-temperature profiles for all the tests are 
included in Appendix B. The time at temperature begins as the soil 
temperature approaches steady-state Overshoot normally causes the 
temperature to exceed the nominal value Variations in the soil 
moisture content and heat capacity, soil quantity, and test temperature 
influence the time-temperature profile. 
Weight loss values for Soils A and B are generally comparable to the 
initial moisture content The highest temperature and longest residence 
time condition for Soil A resulted in more weight loss. For Soil C, the 
weight loss of about 10 percent that occurred during treatment at all 
three conditions was slightly higher than the initial moisture content 
Weight loss greater than the measured moisture content can probably be 
attributed to decomposition and volatilization of some of the soil 
organic matter, which was highest with Soil C 
Treatment efficiency, as determined by residual total PAH values, 
improved markedly at the higher temperature conditions Soil B showed 
the highest treatment efficiencies at both 300°C and 400°C Soil B 
showed the most dramatic reduction in PAH when the temperature was 
increased from 30QoC to 400°C at 8 minutes Tables 3-2, 3-3, and 3-4 
provide specific PAH analyses for treated samples of Soils A, B, and C, 
respectively Analytical data reports are included in Appendix B. 
Individual PAH values for all the 400°C samples were less than, and 
in most cases much less than 1 ppm, except Soil C [e g , benzo{b)­
fluoranthene] In fact, for samples treated at 400°C and the longer 
residence time, many of the individual PAHs were not detected, particu­
larly for Soil B Lack of quantitative results for these compounds 
hampered a complete numerical comparison of PAHs between untreated and 
treated samples Three minutes longer residence time (i e., 60% longer) 
reduced the total residual PAHs in Soil B by an order of magnitude For 
Soil A, longer residence time did not yield lower residual PAHs. The 
higher pyrene value for the longer test is considered anomalous 
For Soil C, which was tested first, only five PAHs were analyzed in 
each of the treated soil specimens These five represent a broad range 
of molecular weight and volatility, and had been shown to be good indi­
cator compounds for the previous GRI bench-scale treatability study 
(Helsel and Groen, 1988) Total residual PAH values for Soil C cannot 
be directly compared to totals for Soils A and B Total indicator PAH 
values were comparable for the two tests performed at 329 and 337°C, 
although the soil residence time for Test CL2 was about four times as 
long as for Test CL1 This indicates a potential limitation of treat­
ment at this temperature, possibly due to strong interaction (i e., 
sorption) between the PAHs and the soil matrix This phenomenon was 
observed for the higher molecular weight PAHs in certain MGP site soils 
tested in the previous treatability study At 447°C, the higher 
molecular weight PAHs (i e , benzo(k)fluoranthene, benzo(a)pyrene, and 
chrysene) were effectively removed 
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Table 3-2 Results of Static Tray Tests ­

Concentration of Polycyclic Aromatic Hydrocarbons in Treated Soil A
 
Concentration (ppm)a 
300 0 /8b 400°/5 400°/8 
Compound (AL1) (AL3) (AL2) 
Acenapthene 
Anthracene 
Benzo{a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno{1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 
Total quantified 
3.7 
4 7 
18 
6 1 
4.8 
4 2 
13 
3 5 
16 
6 1 
11 
36 
8 0 
16 
151
 
e 
o 71 
d 
o 10 
ND (0.08) 
ND (0.08) 
o 08 
ND (O 11) 
0.21 
o 29 
ND	 (0 08) 
e 
o 31 
0.17 
1 92g 
ND (O. 16) 
ND (0 16) 
ND (0 16) 
0.27 
ND (O 16) 
ND (0 02) 
ND (0 02) 
o 28 
ND (0 02) 
0.58 
o 18 
ND (0.02) 
NO (0 16) 
o 66 
2.3 
4 27
 
aparts per million (milligram/kilogram) 
bNominal soil temperature in °C/time at temperature in minutes 
cND = Not detected; detection level given in parenthesis 
dThis compound was present above the calibration limit 
eCompound may have been present, but was not quantified 
fEstimated value 
gTotal value does not include compounds which were not quantified 
(e g , acenapthene) 
17
 
Table 3-3 Results of Static Tray Tests ­

Concentration of Polycyclic Aromatic Hydrocarbons in Treated Soil B
 
Concentration (ppm)a 
3000 /Sb 400°/5 400°/8 
Compound (BL1) (BL3) (BL2) 
eAcenapthene ND (1 6)c NO (0.016) 
Anthracene 7 o 18 NO (0 16) 
dBenzo(a)anthracene 3 NO (0 16) 
Benzo(b)fluoranthene 2 5 0 17 NO (0.16) 
Benzo(k)fluoranthene NO ( 1 6) 0 15 ND (0.16) 
Benzo(a)pyrene ND ( 1 6) 0.19 ND (0 016) 
Benzo(g,h,i)perylene 2 4 o 24 ND (0 016) 
dChrysene 2 2 - 0.031 
Dibenzo(a,h}anthracene NO (1 6) NO (0 08) NO CO 016) 
Fluoranthene 2 3 ND (0 09) NO (0 16) 
Fluorene 2.6 ND (0 08) o 035 
Indeno(1,2,3-cd)pyrene 1.9 o 18 NO (0.016) 
Naphthalene ND (11) 
-
e o 037 
Phenanthrene 3.3 o 13 NO (0 016) 
Pyrene 2.7 0.37 NO (0.16) 
Total quantified 22.9 1 61 f o 103 
aparts per million (milligram/kilogram) 
bNominal soil temperature in °C/time at temperature in minutes 
cND = Not detected; detection level given in parentheses 
dThis compound was present at a concentration above the calibration limit 
eCompound may have been present, but was not quantified 
fTotal value does not include compounds which were not quantified (e.g , 
acenapthene) 
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Table 3-4 Results of Static Tray Tests ­

Concentration of Polycyclic Aromatic Hydrocarbons in Treated Soil C
 
Concentration (ppm)a 
300°/6 300°/24 400°/7 
Compound (CL 1) (CL2) (CL3) 
Acenapthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 
Total quantifiedb 
b 
6 5 
9 0 
2 6 
o 54 
l:L 
21 8 
b 
5 5 
7 4 
2 2 
o 68 
~ 
18 7 
b 
6 
ND (0 8)c 
o 19 
o 29 
0.39 
2 5 
aparts per million (milligram/kilogram) 
bOnly five selected polynuclear aromatic hydrocarbon compounds were measured 
for Soil C. 
cND = Not detected; detection limit given in parentheses 
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4 PILOT PLANT TESTING
 
The test facilities and procedures used by IT to conduct the pilot 
thermal desorption tests have been used for many similar soil decontami­
nation tests The thermal desorption system consists of an indirectly 
heated rotary desorber and off-gas treatment system. This study focused 
on the desorber performance - the effectiveness of separating PAHs from 
soil No measurements or samples related to the off-gas treatment 
system were included other than to maintain proper operation during the 
desorption test periods. This section describes the pilot system, test 
conditions, and results. 
4 1 PROCESS DESCRIPTION 
Figure 4-1 is a schematic of the IT thermal desorption pilot plant; 
Figure 4-2 is a photograph of the system at IT's Environmental 
Technology Development Center in Oak Ridge, Tennessee 
The thermal desorber consists of a continuously rotating tube, par­
tially enclosed within a gas-fired furnace shell The tube has a 16 5 
em internal diameter and is 4.3 meters long; the heated part is 2 meters 
long Small baffles are placed at intervals within this tube to provide 
soil mixing A stationary thermowell extends from the discharge end 
into the tube with six thermocouples to monitor the soil temperature and 
three to monitor the gas temperature along the tube length The tube 
can be rotated at speeds from 1 6 to 16 revolutions per minute and also 
can be inclined to adjust the flow rate of solids Typically, a 1- to 
2-degree slope is used 
The soil bed volume in the desorber depends on the solids flow 
characteristics, the desorber inclination and rotational speed, and 
particularly on the diameter of the "dam" or retainer ring at the 
discharge end The total soil residence time is primarily a function of 
the soil bed volume and soil feed rate. Soil feed rate is controlled by 
adjusting the speed of the screw conveyors located at the bottom of the 
soil feed hopper Preliminary tests with each soil are used to deter­
mine the total soil residence time for the specified operating condi­
tions The total average soil residence time is measured before each 
test by placing colored aquarium gravel into the feed hopper and 
visually observing its discharge from the desorber Average residence 
times determined using this technique agree well with residence time 
values calculated based on the estimated soil bed volume and volumetric 
soil feed rate Solids discharging from the desorber, while operating 
at steady-state, are weighed on a digital electronic scale The soil 
feed rate is calculated from the measured soil collection rate by 
adjusting for weight loss attributed to moisture and organic matter, as 
determined in bench-scale tests at comparable treatment conditions 
The furnace is a refractory-lined chamber It has 14 equally spaced 
burners controlled by a standard burner control system with appropriate 
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safety features Natural gas or propane can be used as fuel Tempera­
ture measurements for furnace burner control or monitoring were taken by 
four thermocouples that contact at various locations on the outer metal 
wall of the rotating desorber tube. The furnace flue gas is discharged 
directly to the atmosphere through a remotely positioned exhaust duct 
The desorber is rated at 94 kilowatt (kW) maximum heat duty According 
to the manufacturer, the maximum heat that can be transferred to 
material in the desorber tube is estimated to be 29 kW This value 
depends primarily on the temperature gradient between the soil (or other 
solids) being processed and the furnace temperature 
The end sections of the desorber tube are not enclosed by the fur­
nace Cooling of solids within the non insulated portion of the tube at 
the discharge end can be increased by forced air circulation. Soil 
exits the desorber tube through a gas plenum/ transition section and a 
rotary valve into a metal receiver can A sight glass in the discharge 
plenum of the desorber allows the soil flow to be visually monitored 
A nitrogen purge is introduced continuously at a low-flow rate to 
the desorber to help flush desorbed contaminants and to maintain an 
atmosphere that does not support combustion (i e , <8 percent oxygen) 
The desorber off-gas containing the nitrogen purge with a low 
concentration of oxygen, volatilized moisture, and volatilized 
contaminants is transferred through a short heated transition duct to a 
scrubber-condenser system. Electrical heaters are placed on the off-gas 
plenum and the off-gas transfer pipe at the feed end to maintain a high 
temperature in these sections to prevent contaminant condensation before 
the off-gas treatment system The cooled, scrubbed off-gas passes 
through a high-efficiency particulate air filter and activated carbon 
absorber before being discharged to the atmosphere The desorber system 
operates at a slight negative pressure to prevent potential fugitive 
emissions in the operating area The negative pressure is maintained by 
using a small blower to pull the gases through the desorber and off-gas 
treatment system 
The pilot system has an operating capacity range of approximately 7 
to 90 kilograms/hour (kg/hr) of soil feed and can provide an average 
soil residence time in the furnace zone of approximately 4 to 50 
minutes Operating capacity depends on the required residence time for 
treatment and the soil moisture content and bulk density 
4.2 PILOT TEST CONDITIONS 
A matrix of 11 pilot tests were performed in which soil temperature 
and residence time at temperature were varied The conditions selected 
for these pilot tests were based on the bench-scale tests All process 
parameters such as purge gas flow and rotational speed were maintained 
essentially the same for the 11 tests except for the soil feed rate and 
inclination of the desorber For the four tests performed at the 
shorter residence time, the desorber angle of inclination was increased 
to 1 9 degrees from 1 3 degrees and the soil feed rate was increased by 
adjusting the screw feeder 
24 
For Soils A and B, nominal test conditions of 9 minutes soil 
residence time at 300°C and 400°C soil temperature were used for the 
first series of tests (AP1, AP2, BP1, and BP2) These were comparable 
to the initial static tray tests (AL1, AL2, BL1, and BL2) and were 
expected to yield residual PAH concentrations that would be very low but 
above analytical detection limits Based on the analytical results from 
these tests, the residence time was reduced to 5 minutes for another 
test series. The same soil temperature conditions of 300°C and 400°C 
were used for the second test series The shorter residence time was 
intended to yield higher PAH values and avoid values below detection 
limits. For Soil A, duplicate tests were made, representing consecutive 
l-hour operating periods at steady-state, to establish reproducibility 
For Soil C, two tests using a soil residence time of 9 minutes and 
nominal soil temperatures of 300°C and 40Qoc were comparable to Soil A 
and Soil B tests. In addition, a test was performed at 350°C, at the 
request of the utility, to more definitely establish the effect of soil 
temperature on treatment performed 
Table 4-1 summarizes the principal process operating conditions for 
all tests, including soil temperature, soil residence time, and soil 
feed rate Soil temperature is typically maintained within about 10°C 
of the nominal (target) test temperature The furnace burners were 
controlled to achieve a constant soil temperature as quickly as possi­
ble. This steady-state (i.e, isothermal) condition is important to 
evaluate the treatment results, compare the results with other pilot 
plant or bench-scale results, and apply the results to process scaleup 
As noted in Section 3 2, residence time (or time at temperature) is 
defined as the period during which the soil is within 20°C of the 
average steady-state temperature The soil residence time at 
temperature is typically about 60 percent of the total soil residence 
time, which includes the heating and cooling sections of the desorber 
The temperature range indicated in Table 4-1 represents the total 
variation of the soil temperature during the residence time at 
temperature. 
Figure 4-3 presents a typical soil time-temperature profile for one 
of the tests. Appendix B includes profiles for all the tests Because 
of the relatively low moisture content of the prepared test soils and 
the relatively low soil feed rate, the thermal load on the desorber 
furnace was very low and heatup of the soil to the target temperature 
occurred within a short portion of the furnace section The heatup 
occurred during a much shorter time than in the static tray test system 
(refer to Figure 3-2) In a full-scale field application, the soil 
temperature profile would typically be quite different, with a 
significant fraction of the desorber length being used to dry and heat 
up the soil to the necessary treatment temperature (Silcox, 1989). 
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Table 4-1 Pilot Plant Test Conditionsa 
Soil Residence Total Soil 
Time at Residence Soil Feed 
Test 
Number 
Soil Temperature (OC) 
Nominal Average Range 
Temperature 
(minutes)b 
Time 
(minutes)c 
Rate 
(kg/hr) 
AP3 300 301 281-317 5 2 8 5 56 
AP1 
AP4/4Dd 
300 
400 
303 
398 
283-313 
378-409 
9 4 
5 0 
15 5 
8 3 
32 
46 
1\P2 400 398 378-410 8 7 15 0 32 
BP3 300 302 281-313 5 2 8 3 64 
BP1 300 301 280-313 9 2 15.5 34 
BP4 400 395 375-413 4 9 8.2 66 
BP2 400 396 376-408 8 3 14 5 33 
CP3 300 298 278-308 9 2 15 0 34 
CP2 350 352 332-372 9 0 15 0 35 
CP1 400 397 371-416 8 7 15.0 31 
aTests are listed in order of increasing time and temperature 
bAverage residence time of soil within indicated temperature range 
clncludes heatup and cooldown 
dValues are average of duplicate test periods 
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For the seven tests performed using the longer soil residence time, 
the measured soil feed rate was nearly the same (e.g, 31 to 34 
kg/hr). For the four shorter residence time tests, the soil feed rate 
varied more For test AP4/4D, which was the final test with Soil A, the 
rate was kept lower due to a shortage of remaining soil feed This 
apparently did not result in a longer residence time for this test 
compared to the other three tests. 
4 3 ANALYTICAL RESULTS 
Samples of treated soil from all pilot tests were analyzed for PAHs 
by HPLC Tables 4-2, 4-3, and 4-4 present these results for Soils A, B, 
and C, respectively; analytical data reports are included in Appendix 
C The results confirm the importance of temperature and time on 
treatment performance Total PAH values decreased for tests at 400°C 
versus 300°C, and for tests at 9 minutes versus 5 minutes residence 
time, except for one test A discussion of results for each soil is 
presented here, and further evaluation of all the results are included 
in Chapter 5. 
For Soil A tests at the higher temperature of 400°C, total residual 
PAHs decreased by an order of magnitude to about 1 ppm with a residence 
time of 9 versus 5 minutes. Seven individual PAH compounds decreased to 
nondetectable levels. Results of the duplicate tests periods (AP4 and 
AP4D) were very similar, indicating consistency in process conditions 
and sampling and analytical techniques 
For Soil A at 300°C, residual total PAH for the test (AP1) at 300°C 
and 9 minutes was higher than the value for the test (AP2) using a 
shorter residence time. A comparison of individual PAH values shows a 
reasonably consistent trend Careful interpretation of the chromato­
grams from these two samples indicated a significantly higher background 
interference for the soil treated for a shorter time, which made quanti­
tation of individual PAH compounds more difficult A repeat analysis of 
separate aliquots of each treated soil sample using GC and a similar 
solvent extraction/sample preparation procedure produced comparable 
results 
Two possible causes for the apparent reverse correlation between 
residual PAH and residence time can be considered Similar behavior was 
noted in Section 3.2 for the static tray tests performed with Soil A at 
40QoC for 6 and 9 minutes. Variations in contaminant concentrations in 
the soil, partly due to the possible presence of highly contaminated 
small soil agglomerates or particles of pure waste residue, could 
produce a value for AP 1 higher in the aliquot taken for analysis than 
the average composite sample Since two separate aliquots produced 
comparable results and the original triplicate analyses of the soil feed 
batch showed uniformity this cause cannot be strongly supported Alter­
natively, interaction (i e , sorption) of the residual PAH compounds 
with the soil matrix may be reduced as a result of longer treatment (or 
higher temperature), which could improve PAH extraction efficiency 
(i e , recovery) during sample preparation for analyses Further 
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Table 4-2 Results of Pilot Tests -

Concentration of Polycyclic Aromatic Hydrocarbons in Treated Soil A
 
Concentration (ppm)a 
Compound 
3000 /S b 
(AP3) 
300°/9 
(AP 1) 
400°/5
(AP4/4D)c,d 
400°/9 
(AP2) 
Acenapthene e ND (1. 6) f e o 021 
Anthracene 6f 2 6 o 51/0.81 ND (0 16) 
Benzo{a)anthracene 3 8 10 0.24/0 30g o 037 
Benzo(b)fluoranthene 9 0 24 1 7/1 6 ND (0.016) 
Benzo{k)fluoranthene 4 9 11 0 35g/0 36 ND (O 16) 
Benzo(a)pyrene 3 8 9 7 1 19/0 43 o 026 
Benzo(g,h,i)perylene 6 5 20 o 66/1 4g ND (0 16) 
Chrysene 23 17 0.84g/0 42 o 048 
Dibenzo(a,h)anthracene 2 9 2 8 o 41/0 29 ND (0 16) 
Fluoranthene 12 14 2 3g /2 3 ND (0 16) 
Fluorene 3 7 4 4 o 69/0 55 o 022 
Indeno(1,2,3-cd)pyrene 7 og 16 1 5/0 29 ND (0 16) 
Naphthalene e 3.7 e 0 31 
Phenanthrene 4 6 ND(16) 0 25/0 19 o 032 
pyrene 2 6 S 4 0 23/ND (0 31) 0 47 
Total Quantified 85 4 140 6 10 78/8 94 0 97 
aparts per million 
bNominal soil temperature in °C/time at temperature in minutes 
cAP4 and AP4D are duplicate tests 
dValues for AP4 represent average of duplicate samples 
eCompound may have been present, but was not quantified 
f ND = Not detected; detection limit given in parentheses 
gEstimated value 
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Table 4-3 Results of Pilot Tests -

Concentration of Polycyclic Aromatic Hydrocarbons in Treated Soil B
 
Concentration (ppm)a 
300 0 /5b 300°/9 400°/5 400°/9 
Compound (BP3) (BP1) (BP4) (BP2) 
cAcenapthene ND (1.6)d c ND (0. 16) 
Anthracene ND (1 6) ND (0. 16) 
Benzo(a)anthracene 5 0 2 8 ND (0 16)
 
Benzo(b)fluoranthene 6 3 0 o 40 ND (0 16)
 
Benzo(k)fluoranthene 2 0 ND (1. 6) o 15 ND (0 16)
 
Benzo(a)pyrene 3 0 ND (1 6) ND (0 16)
 
Benzo(g,h,i)perylene 4 3 2 o 43 ND (0 16)
 
Chrysene 8 0 3 3 o 31 ND (0 16)
 
Oibenzo(a,h)anthracene NO (1 6) ND (1 6) ND (0 15) ND (0. 16)
 
Fluoranthene 23 0 4.7 4 0 0.028
 
Fluorene ND (1 6) o 44 o 26
 
Indeno(1,2,3-cd)pyrene 4 2 ND (1 6) NO (0 15) ND (0 16)
 
Naphthalene C ND (1.6) c ND (0 015)
 
Phenanthrene 2.8 0.23 o 21
 
Pyrene 4.8 2.2 1.0 ND (0. 16)
 
Total quantified 69 4 22 0 7 31 o 50
 
aparts per million 
bNominal soil temperature in °C/time at temperature in minutes 
cCompound may be present, but was not quantified 
dND = Not detected; detection limit given in parentheses 
eEstimated value 
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Table 4-4 Results of Pilot Tests -

Concentration of Polycyclic Aromatic Hydrocarbons in Treated Soil C
 
Concentration (ppm)a 
Compound 
300°/9 
(CP3) 
350°/9 
(CP2) 
400°/9 
(CP1) 
Acenapthene 0 76 0 39 ND (0.65)c 
Anthracene 0 61 0 068 ND (0 65) 
Benzo(a)anthracene 1 8 1.4 ND (0 65) 
Benzo(b)fluoranthene 4 5 0.51 ND (0 65) 
Benzo(k)fluoranthene 2 9 o 77 o 72 
Benzo(a)pyrene 7 4 0.53 0 77 
Benzo(g,h,i)perylene 24 2 5 0 33d 
Chrysene 2 1 0 0 64 
Dibenzo(a,h)anthracene 12 0 ND (0.65) 
Fluoranthene 2 4 0 56 ND (O 65) 
Fluorene 0 48 1 5 ND (0.65) 
Indeno(1,2,3-cd)pyrene 14 0 64 ND (0 65) 
Naphthalene ND (0 76) 0 30 ND (0 65) 
Phenanthrene 2 7 0 30 o 54 
Pyrene 3.4 0.74 0.74 
Total quantified 79 8 12 2 3 41 
aparts per million 
bNominal soil temperature in °C/time at temperature in minutes. 
cND = Not detected; detection limit given in parentheses 
dEstimated value by gas chromatography/mass spectrometry less than the method 
quantification limit 
31
 
investigation efforts such as repeating one or both of these pilot tests 
was not pursued. 
Results for Soil B show that increased temperature caused a 
reduction of PAHs by an order of magnitude; total PAHs decreased from 69 
to 1 ppm at 5 minutes and from 22 to 0.5 ppm at 9 minutes residence 
time. Because many of the individual PAH compounds were not detected in 
samples from the 9 minute tests, a complete quantitative comparison 
cannot be done. Variations in individual PAH results are noticeable 
For example, the calculated removal efficiencies based on the initial 
concentrations reported in Table 2-4 range from 82 to 99 4 percent for 
BP1 and from 91 6 to greater than 99 9 percent for BP4. 
For Soil C, temperature had a more significant effect between 300°C 
and 350°C than between 350°C and 400°C Total residual PAHs decreased 
from 80 ppm (300°C) to 12 ppm (350°C) to 3 4 ppm (400°C) A comparison 
of individual residual PAH concentrations among the three tests shows 
(except for two values) that higher temperature resulted in lower 
residual values. The relative reduction varies for the different 
compounds, with no consistent correlation apparent with the molecular 
weight and corresponding vapor pressure of the various compounds For 
most PAHs, a complete quantitative evaluation of the relative 
treatability cannot be made because these compounds were present below 
the detection limit for the 400°C test 
Although cyanide concentrations in the untreated soils were very low 
(see Table 2-3), residual cyanide was analyzed for treated Soils A and B 
from pilot tests at 9 minutes residence time For Soil A, total resi­
dual cyanide was 13 ppm for the 300°C test (AP1) and 2.5 ppm for the 
400°C test (AP2), versus 10 ppm in the untreated soil For Soil B, both 
test temperatures gave similar results of 4 to 5 ppm cyanide compared 
with 1 ppm in the untreated soil These results indicate treatment 
conditions for complete cyanide removal may need to be more aggressive 
than for PAH removal In previous bench-scale testing, cyanides were 
reduced from above 100 ppm to 5 to 10 ppm or less when treatment 
temperatures of 400°C or higher were used (Helsel and Groen, 1988; 
deLeer, 1985) Difficulty with the analysis of complexed cyanides in 
MGP site soils has been documented (Gould et al , 1989) and should be 
considered in assessing these results 
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5 EVALUATION OF TEST RESULTS
 
5.1 ANALYSES OF DESORPTION TREATABILITY DATA
 
The effect of the three principal study variables - soil tempera­
ture, soil residence time (at temperature), and soil type - on thermal 
desorption treatment performance, as measured by total PAH removal, is 
presented in Figure 5-1 For all soils at the most severe treatment 
condi tions of 400°C and 9 minutes, PAH removal efficiency was greater 
than 99 percent Soil 8 results are very similar to Soil A except for 
the 300°C and 9-minute treatment condition As noted in Section 4.3, 
the results for Soil A samples from the 300°C tests are inconsistent 
with the other treatment data, including the previous laboratory study 
of MGP soils. As noted in Section 2 3, Soils A and B have very similar 
physical, chemical, and thermal characteristics. 
Soil C exhibited poorer treatment at both 300°C and 400°C Although 
similar in most properties, Soil C had a much higher organic matter con­
tent and was coarser grained High values for both these properties 
could retard desorption by (1) sorption of the PAHs by the soil organic 
matter and (2) longer diffusion pathways through larger soil particles 
if the PAHs were contained within these particles rather than on the 
surface Differences in the coal tar contaminant characteristics and 
the distribution of PAH compounds within the soil matrix could also 
affect overall desorption results As discussed in Section 2 3, the 
predominant PAHs measured for Soils A and B included relatively volatile 
compounds like naphthalene, acenaphthene, and phenanthrene These 
compounds were not detected for Soil C, although the detection limits 
were high due to background interferences The predominant PAHs for 
Soil C were higher molecular weight compounds having lower vapor 
pressures This shift in PAH distribution plus the lower total initial 
PAH level are considered other causes for the lower overall PAH 
treatment efficiency of Soil C 
Figure 5-2 shows the effect of soil temperature on percent residual 
PAHs for the pilot tests A clear trend is evident for all sets of data 
representing the same soil and residence time. A comparable trend was 
found in the previous laboratory testing program (Helsel and Groen, 
1988). Although the percent residual PAH varies between these data 
sets, the relative change in efficiency with temperature, as indicated 
by the slope of each line, is similar The small variation in actual 
(vs. nominal) residence time between comparable pilot tests with 
different soils should be considered in assessing these results 
Additional testing at other temperature and time conditions would be 
necessary to more completely and quantitatively define the relationship 
between treatment efficiency of these variables It is unlikely that a 
single relationship can represent all the variables, particularly those 
related to soil characteristics; however, these results provide a basis 
33
 
o 300"C/5min 11300"c/9mln. ~ 350"c/9min 
~ 400"C/5mln 114oo"c/9min 
99979995 
~ 
w ()
ex: 
w 
a.. 
~ 
z 
w 
() 
LL 
LL 
W 
...J 
~ 
0 
:?i 
w 
ex: 
J: 
~ 
...J 
~ ~ 
95 
90 
85 
Soil A Soil B Soil C 
FIGURE 5-1. EFFECT OF TEMPERATURE, RESIDENCE
 
TIME AND SOIL TYPE ON TREATMENT EFFICIENCY..
 
PILOT TESTS
 
34 
100 ...--------------------------.
 
10 
(j 
z 
0 () 
<f 
J-
Z 
u.. 
0 
J-
Z 
w 1 ~ 
W 
0.. 
I 
;i 
::::> 
a 
(JJ 
w
a: 
:r: 
<t: 
a.. 
01 
001 
SOIL A SOIL A SOIL B SOIL B SOIL C 
5min 9min 5min 9min 9min 
~---O---- ----e---- ----8---­ ----.A---­ ----.---­
• 
• 
E2" ~~ ..... ~~ 
...~: 
• 
A 
•• 
0, 
n 
,. 
•
.. 
250 300 350 400 450 
SOIL TEMPERATURE _oC 
FIGURE 5-2 EFFECT OF TEMPERATURE ON TOTAL RESIDUAL 
POLYCYCLIC AROMATIC HYDROCARBONS- PILOT TESTS 
35 
for estimating approximate performance over a relatively broad 
temperature range. 
5.2 COMPARISON OF PILOT AND BENCH-SCALE RESULTS 
The residual PAH concentrations and removal efficiencies for the 
static tray tests and pilot tests which were performed at approximately 
the same soil residence time and temperature were evaluated to determine 
the comparability of these two totally different test methods in 
measuring thermal desorption treatment performance A good comparison 
would indicate that simple laboratory treatability testing could be used 
to estimate larger-scale process performance if other important soil and 
process parameters are also taken into consideration This stUdy was 
limited to investigating temperature and residence time Other 
treatment variables, like soil particle size and moisture content, 
degree of mixing, and purge gas-to-soil ratio were not study variables 
and were held as constant as possible among experiments performed in 
each test system 
The key process variables for the static tray test system and the 
pilot desorber are compared in Table 5-1. Because of the difference in 
operating mode (batch versus continuous) the quantity of soil treated in 
the two systems cannot be directly compared The soil quantity values 
in Table 5-1 are based on a total time of 15 minutes, which was the 
typical tray test period The soil bed is about ten times deeper in the 
pilot unit, but the mild mixing action provided by the rotating desorber 
reduces the potential effect of this mass transfer factor The maximum 
particle size of soil fed to the pilot unit (restricted due to 
mechanical clearances) is over six times the maximum for soil used in 
the tray test However, as a result of soil preparation, most of the 
desorber feed soil (about 95 percent) was less than 2 mm Larger soil 
particles internally containing coal tar would tend to decrease apparent 
pilot treatment efficiency if PAH desorption was retarded by intraparti­
cle diffusion and if these larger particles were present in samples 
taken for analyses The gas-to-solid ratio for the nitrogen purge 
through the pilot desorber is about one-third the static tray purge 
ratio A comparison of this parameter is complicated by the batch 
versus continuous mode of operation and the generation of additional gas 
(i e., water vapor), particularly during the soil drying period The 
amount of purge gas would be expected to be most critical when equilib­
rium between the PAH concentration in the gas and soil is approached, 
which could more likely occur with highly contaminated soils 
Figure 5-3 shows the residual PAH concentrations for the static tray 
tests and the corresponding pilot tests In general, there is reason­
able or good agreement between results from the two test systems The 
treatment efficiency of the static tray is lower in some cases and 
higher in others than the corresponding pilot treatment efficiency 
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Table 5-1 Comparison of Desorption Conditions ­

Static Tray Test versus Pilot Plant
 
Pilot 
Static Tray Rotary Desorber 
Operating mode Batch Continuous 
Soil quantity treated (kg)a 0.03 8-15 
Soil bed depth (em) o 3 2 8 
Soil particle size (em) <0 2 <1 3 
Purge gas flow (l/g)b o 015 o 005 
Solid mixing None Mild 
aBased on a 15-minute total soil residence time, which corre­
sponds for both systems to about 9 minutes time at temperature 
bDuring time at temperature; assumes equal time at temperature 
Notes: em - centimeter 
kg - kilogram 
l/g - liters per gram 
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Differences in the exact temperature and residence time conditions 
between corresponding tests need to be considered in making this 
comparison For Soil A, static tray test and pilot test conditions were 
very close. For Soil B, the static tray test soil temperature was 
slightly higher (approximately 10°C to 15°C) in each case The 
residence time of Soil B in the 300°C static tray test was 1 minute less 
(8.2 versus 9.2 minutes), although the other tests had very similar 
residence times These temperature and time differences may partly 
explain the lower residual PAH values for the static tray tests at 
400°C Condi tions for Soil C differed the most between test systems, 
although the pilot results were approximately the same as the corre­
sponding bench-scale results The average bench-scale temperatures were 
significantly higher (30°C for the 300°C nominal tests and 40°C for the 
400°C nominal tests) while the res idence times were lower (about 3 
minutes at 30QoC and 1 6 minutes at 400°C). These differences would 
tend to partially cancel any resulting differences in treatment 
efficiency 
Figure 5-4 further illustrates the comparison of test systems; each 
pair of results from Figure 5-3 is plotted against a 100 percent corre­
lation line There is no clear trend indicating that either system 
yields better or poorer treatment performance If the differences in 
actual test conditions described above could be accounted for 
quantitatively, the correlation would be expected to improve. 
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6 CONCLUSIONS AND RECOMMENDATIONS
 
Bench-scale and pilot plant tests have demonstrated that PAHs in 
coal-tar-contaminated soil from three MGP sites were effectively treated 
using thermal desorption technology Total PAHs were reduced to 99.9 
percent from initial concentrations of approximately 400 to 2, 000 ppm 
using treatment conditions of 400°C and 9 minutes soil residence time. 
A lower temperature of 300°C achieved 88 to 99 percent reduction 
depending on soil type. Lower residence times of 5 minutes markedly 
reduced treatment performance in most cases. Soil type had a variable 
effect on treatment performance The bench-scale and pilot plant test 
systems gave reasonably comparable treatment results at comparable soil 
temperature and residence times The overall treatment results are 
similar to results obtained from previous bench-scale thermal desorption 
tests with four other MGP site soils 
No further general research is proposed relative to applying thermal 
treatment to MGP site soils. Variations in treatment performance with 
different soils indicate a need for site-specific treatability 
testing. The results of thermal desorption research being conducted by 
the University of Utah should be considered in evaluating the 
application of thermal treatment of contaminated soils at MGP sites 
Actual full-scale operating experience of thermal treatment processes 
that are being used for contaminated site remediation should also be 
reviewed Before implementation, pilot-scale testing using the specific 
type of process selected for use at a given site should be considered to 
confirm treatment efficiency as well as overall operating performance 
and to establish the performance and operating conditions required for 
the particular off-gas treatment system Testing should also be done to 
demonstrate that the thermally treated soil will meet all cleanup 
criteria for a particular site, such as leaching of metals 
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APPENDIX A
 
ANALYTICAL DATA - SOIL CHARACTERIZATION
 
A-1
 
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
CERTIFICATE OF ANALYSIS 
IT Corporation!HWRIC/GRI May 5, 1989 
312 Directors Drive 
Knoxville, TN 37923 
Attn: R. W. Helsel 
Job Number: P904131 
Certificate of Analysis for the following: 
Client Project ID: 407101 
Date Received by Lab: 4/25/89 
Number of Samples: Two (2) 
Sample Type: Soil 
I. Introduction 
On April 25, 1989, two soil samples were received at ITAS Pittsburgh, labeled as 
follows: 
Soil A
 
Soil B
 
II. Analytical Results/Methodology 
The samples were analyzed for particle size according to ASTM D422-63 nparticle Size 
Analysis of Soils," 1985 Annual Book of ASTM Standards, Vol. 04.08, Soil and Rocks; 
Building Stones, using a stack of sieves down to size 200 mesh. The finer portion of 
the samples are determined by the hydrometer method based on Stokes equation for the 
velocity of a free falling sphere. 
III. Quality Control 
All equipment used for testing is calibrated on a routine schedule, according to our 
Quality Assurance Program for Geotechnical Laboratories. 
Amenecm Counel: 01 Independent Laboratories
 
InternatIonal Assoclatton 01 Environmental Testing Laboratones
 
Amenean AsSOCiation tor Laboratory Accreditation
 
IT Analytical Services 510J Old William Penn Highway Export PA 15632 
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PROJECT NAME: 
PROJECT NO.: 
SAMPLE NO.: 
GRAIN SIZE ANALYSIS 
HWRIC/GRI BORING NO.: A 
407101 DEPTH: o 
A SPEC. GRAV. 2.61 ASSUMED 
===========SIEVE ANALYSIS============ 
SIEVE NO. DIAMETER PERCENT FINER 
(mm) (%) 
---------­ --------­ -----------­
3.0 in. 75.000 100.0 
1.5 in. 31.500 100.0 
0.75 in. 19.000 100.0 
0.375 in. 9 500 100.0 
NO. 4 4.750 98..1 
NO. 10 2.000 96 0 
NO. 
NO. 
20 
40 
0.850 
0.425 
93.2 
87 8 
NO. 60 0.250 77.4 
NO. 140 0.106 72.3 
NO. 200 0.075 71.3 
:~=========HYDROMETERANALYSIS:::::::=::== 
DIAMETER PERCENT FINER CORRECTED PERCENT 
(mIL) % % 
o 0840 65.9 72.0 
0.0600 63.9 69.9 
0.0435 58.7 64.1 
0.0320 50.1 54.8 
0.0164 34.3 37 5 
0.0125 22.4 24.5 
0.0090 17.1 18.7 
0.0064 15.8 17 3 
0.0045 12.5 13.7 
0.0033 11.9 13.0 
0.0014 6 6 7 2 
CORRECTION FACTOR = 1.093
 
WEIGHT OF SOIL FOR SIEVE ANALYSIS = 590.33 (gm)
 
WEIGHT OF SOIL FOR HYDROMETER ANALYSIS = 58.16 (gm)
 
VISCOSITY OF WATER : 9.84 (millipoises)
 
D60= NOT CALC cu= NOT CALC
 
D30= NOT CALC CZ:; NOT CALC
 
DIO= NOT CALC
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PROJECT NAME: 
PROJECT NO : 
SAMPLE NO.: 
GRAIN SIZE ANALYSIS 
HiRIC/GRl BORING NO.: B 
407101 DEPTH: o 
B SPEC. GRAV. 2.67 ASSUKED 
===========51EV£ ANALYSIS============ 
SIEVE NO. DIAMETER PERCENT FINER 
(mm) (%) 
---------­ --------­ -----------­
3.0 in. 75.000 100.0 
1.5 in. 37.500 100.0 
0.75 in. 19 000 100.0 
0.375 in. 9.500 100.0 
NO. 4 4.750 98.4 
NO. 10 2.000 95.7 
NO. 20 0.850 91.3 
NO. 40 0.425 87~2 
NO. 60 0.250 82.8 
NO. 140 0.106 76.4 
NO. 200 0.075 72.8 
===========HYDROMETER ANALYSIS===-=-=-==== 
DIAMETER PERCENT FINER CORRECTED PERCENT, ,
(DUD) 
0.0166 75.0 73.2 
0.0565 68.4 66.8 
0.0423 58.8 57.4 
o 0317 47.4 46.3 
0.0207 31.8 31.0 
0.0123 24.0 23.4 
o 0089 19.8 19 3 
0.0063 18.0 17.6 
0.0045 16.2 15.8 
0.0032 15.6 15.2 
0.0013 10.8 10.5 
CORRECTION FACTOR = 0.977
 
WEIGHT OF SOIL FOR SIEVE ANALYSIS = 630.86 (gm)
 
WEIGHT OF SOIL FOR HYDROMETER ANALYSIS = 63.79 (gm)
 
VISCOSITY OF WATER = 9.84 (millipoises)
 
D60= NOT CALC cu= NOT CALC
 
D30= NOT CALC CZ= NOT CALC
 
D10= NOT CALC
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rn INTERNATIONAL ANALYTICAL @Irn © rn O'¥lG~Jfi\,TECHNOLOGY CORPORATION SERVICES 
"I \i: t 
WM/rsCERTIF1CATE OF ANALYSIS 
HWRIC/GRI May 4, 1989 
304 Directors Drive 
Knoxville, TN 37923 
Attn: E. S. Alperin 
Job Number: P904029 
The Certificate of Analysis is for the following: 
Client Project ID: 407101 
Date Received by Lab: 4/6/89 
Number of Samples: Two (2) 
Sample Type: Soil 
I. Introduction 
On April 6, 1989, two soil samples were received at ITAS Pittsburgh, labeled as 
follows: 
Soil A-GG-0394 
Soil B-GG-0395 
II. Analytical Results/Methodology 
Results are presented in the enclosed tables and were determined in accordance with 
recommended analytical procedures. 
Detection limits are based on sample concentration and expressed in milligrams per 
kilogram or parts per million. Duplicate results indicate duplicate analysis. 
The samples were sent to Pittsburgh Testing Laboratory for thermogravimetric analysis, 
differential scanning calorimetry, and sulfur content. The results pertaining to these 
analyses are also included. 
ArneTican Council of Independent Laboratones
 
InternatIOnal AsSOCiation 01 Environmenlal Testmg LaboratOrIes
 
Amencan Association tor Laboratory Accreditation
 
IT Analytical Services 5103 Old William Penn Highway, Export PA 15632 
A-7 
681189 
IT ANALYTICAL SERVICESHWRIC/GRI PITTSBURGH, PADate: 5/4/89 
Client Proj ect ID: 401101 Job Number~ P904029 
Soil Analysis 
Client Sample ID: Soil A,""GG-0394 
Sampled By: AG/KF 
Sample Date: 4/3/89 
Analysis
 
Date Parameter Result
 
4/25/89 Heat of Combustion (BTU/lb) 927/816 
4/10/80 pH 8.05 
4/18/89 Ash Content (%) 96.37/96.75 
4/21/89 Moisture Content (%) 4.1 
4/13189 Organic Matter (%) 1.0 
Concentration 
Parameter mg/Kg 
4/10/89 Cyanide, Total 10 
4/18/89 Oil and Grease 3500/2900 
4/19/89 Total Organic Carbon 7500 * 
BTU/lb = British Thermal Units per pound. 
*The values for total organic carbon represent the average of four separate analyses. 
A-8 
662169 
IT ANALmCAL SERVICESHWRIC/GRI PITTSBURGH. PADate: 5/4/89 
Client Proj ect ID: 407101 Job Number: P904029 
Soil Analysis 
Client Sample ID: 
Sampled By: 
Sample Date: 
Analysis 
Date 
4/25/89 
4/10/80 
4/18/89 
4/21/89 
4/13/89 
4/10/89 
4/18/89 
4/19/89 
Soil B-GG-0395 
AG/KF 
4/3/89 
Parameter 
Heat of Combustion (BTU/lb) 
pH 
Ash Content (%) 
Moisture Content (%) 
Organic Matter (%) 
Parameter 
Cyanide, Total 
Oil and Grease 
Total Organic Carbon 
Oil and Grease 
Result 
773 
7.70/7.70
 
94.76
 
2.6
 
1.4/1.6
 
Concentration 
mg/Kg 
7 
2300 
9000 * 
Matrix Spike
 
Percent Recovery
 
138%/142%
 
BTU/lb ; British Thermal Units per pound. 
*The values for total organic carbon represent the average of four separate analyses. 
68218!l 
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Professional Service Industries, Inc. 
Pittsburgh Testing laboratory Division 
DSDD POll:	 IT Co rpo ra tion PROJECT: 832-93057 
5103 Old William Penn Highway 
Export, Pennsylvania 15632 
Attention: David Dunlap 
DATE:	 April 24, 1989 OUR UPORT NO: 1 
Client No. 459426	 LABOJlA1'ORY NO: ORG-90085 
Sample Description	 Two (2) Soil Samples 
Submitted By	 Client 
Method Of Test	 Differential Scanning Calorimetry 
Thermogravimetric Analysis 
Two soil samples, identified by the client as "Soil A GG-0394" and "Soil B 
GG-0395" , were submitted to this laboratory for examination by differential 
scanning calorimetry and thermogravimetric analysis and for determination of the 
sulfur content. 
DSC Results 
The samples were examined from ambient to 500 0 e at a scan rate of 
20°C/minute 1n a nitrogen atmosphere with the following results: 
Sample	 Observation 
Soil A GG-0394	 Exhibited glass transition with onset 
temperature of 57°e. Exhibited poorly 
defined endotherm between 283 to 452°C. 
Soil B GG-0395	 Exhibited glass transition with onset 
temperature of 55°C. Exhibited poorly 
defined endotherm between 281 to 410°C. 
Page 1 of 2 
850 Poplar Street Pittsburgh, PA 15220	 Phone: 412f922-4000 
A-IO 
IT Corporation Project No. 832-93057 
April 24, 1989 Laboratory No. ORG-90085 
Page 2 of 2 
TGA Results 
The samples were examined from ambient to 950°C at a scan rate of 20°C/minute 
in a nitrogen atmosphere with the introduction of air at approximately 600°C with 
the following results: 
Sample Concentration Component 
So11 A GG-0394 27-120 1.1 
120-600 1.8 
600-700 1.8 
700-900 1.8 
At 900 93.5 wt% remaining 
inert material 
Soil B 00-0395 27-120 1.5 
120-607 2.7 
607-700 1..8 
700-900 2.5 
At 900 91.5 wt% remaining 
inert material 
The sulfur content of the soil samples is listed below: 
Sulfur Content 
So11 A GG-0394 0.16%
 
Soil B GG-0395 0.19%
 
Copies of the thermograms are attached for reference by the client. 
Respectfully Submitted, 
PROFESSIONAL SERVICE INDUSTRIES, INC. 
PITTSBURGH TESTING LABORATORY DIVISION 
ANALYTICAL SERVICES 
Attachments 
2-Client 
l-PSI-Chemical Department - Organic 
sIb 
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SOIL ANALYSIS SUMMARY 
PROJECT NO. 406308 
SAMPLE IDENTIFICATION 
PARAMETER UNITS 5758/S0IL C 
Water Content % 8.6 
pH (1:1) 8.30/8.30(1) BTU/lb (2)Heat of Combustion 1270/1110 
(')There was no correction for sulfur applied to the results. 
(2)BTU/lb = British Thermal Units per pound. 
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GRAIN SIZE ANALYSIS 
PROJECT NAME: BORING NO o 
PROJECT NO : 406308 DEPTH: o 
SAMPLE NO : 5758/S0IL C SPEC. GRAV 2 6S ASSUMED 
SIEVE NO DIAMETER PERCENT FINER 
(rom) (%) 
3 0 in. 75.000 100 0 
1 5 in. 37 500 100 0 
0.75 in 19.000 100 0 
0.375 in. 9 500 97 7 
NO. 4 4.750 95 5 
NO 10 2.000 91.4 
NO. 20 0.850 83.3 
NO. 40 0.425 70 4 
NO. 60 o 250 52.8 
NO. 140 0.106 31.7 
NO 200 o 075 26.9 
;;;:;:::===HYDROMETER ANALYSIS==:========= 
DIAMETER PERCENT FINER CORRECTED PERCENT 
(rom) 
" " 
o 0924 30.0 28 3
 
0.0665 27 6 26.1
 
0.0480 24.4 23 1
 
o 0344 22.5 21.2
 
0.0212 19.7 18.6
 
o 0125 16.6 15.7
 
0.0090 15.0 14.2
 
0.0064 12 2 11.6
 
0.0046 10 2 9.7
 
o 0033 9 1 8 6 
o 0014 4 7 4.5
 
0.0013 4.3 4 1
 
CORRECTION FACTOR = o 946
 
WEIGHT OF SOIL FOR SIEVE ANALYSIS = 406.11 (gm)
 
WEIGHT or SOIL FOR HYDROMETER ANALYSIS = 93.12 (gm)
 
VISCOSITY OF WATER = 10.065 (millipoises)
 
D60= 100 0000 CU= NOT CALC
 
D30= 100.0000 CZ= NOT CALC
 
DIO= NOT CALC
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rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
5815 Middlebrook Pike • Knoxville Tennessee 37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
TO IT Corporation
ATTN: Ed Alperin 
312 Directors Drive 
DATE REPORTED: 
PRO~'Ecr CODE 
ORDER NUMBER 
December 28, 
ITAQ 42383 
406308 
1988 
Knoxville, TN 37923 PAGE_9__ OF _9__ 
Sample Description: One (1) soil sample received December 1, 1988 UNTREATED 
Concentration units are mg/kg (ppm) unless otherwise stated 
SOIL C 
2l2§. 
Oil &Grease 8,600 
Cyanide 0.6 
Total Sul furl 0.18% 
lAnalysis performed by Galbraith Laboratories, Inc. 
Apprc <'d by 
T:lle 
93985 
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rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
CERTIF1CATE OF ANALYSIS 
IT Knoxville/So. Cal. Gas April 12, 1989 
204 Directors Drive 
Knoxville, TN 37923 
Attn: ~ick Helsel 
Job Number: -P903092 
The Certificate of Analysis is for the following: 
Client Project ID: 406308 
Date Received by Lab: 3/17 
Number of Samples: One (l) 
Sample Type: Soil 
1. Introduction 
On March 17, 1989, one soil sample was received at ITA5 Pittsburgh, labeled 
as	 follows: 
5758 SOIL C 
II. Analytical Results/Methodology 
Results are presented in the enclosed tables and were determined in accordance 
with Method 90-3 Walkley Black, American Society of Agronomy Method of Soil 
Analysis. 
American Council oj Independent Laboratories
 
international Association 01 EnvHonmental Testing Laboralones
 
:.. mencan AsSOCIatIon tOI wbOIOlor f AccredHollcn
 
IT Analytical Services, 5103 Old William Penn Highway Export PA 15632 ti81189 
A-2J 
IT ANALYTICAL SERVICESIT Knoxville/So. Cal. Gas PITTSBURGH. PADate: 4/12/89 
Client Project ID: 406308 Job Number: P903092 
General Chemistry 
Client Sample ID: 5758 SOIL C 
Sampled By: AG 
Sample Da te: 3/15/89 
Lab Sample ,*D: 3/27/89 
Organic Matter 
% 
8.3/8.4 
6821~ 
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rn INTERNATIONAL TECHNOLOGY CORPORATION ANALYTICAL SERVICES --'~-'<:_" ,;~:; 
5815 Middlebrook Pike. Knoxville Tennessee 37921 • 615 588 6401 
CERTIFICATE OF ANALYSIS 
DATE REPORTED: Decembe r 28, 1988fO IT Corporation
PROJECT CODE ITAQ 42383ATTN: Ed Alperin 
ORDER NUMBER: 406308312 Directors Drive PAGE_6~_ OF _9__Knoxville, TN 37923 
Sample Description: 5758 (Soir) received December 1, 1988 UNTREATED SOIL C 
SEMIVOLATILE TARGET COMPOUND LIST 
Concent rat i onConcentration 
Compound (~g/kg dry weight) Compound (Ug/kg dry weight) 
phenol 85,000 U bis(2-chloroethoxy)methane 85,000 U 
bis(2-chloroethyl)ether 85,000 U 2,4-dichlorophenol 85,000 U 
2-chlorophenol 85,000 U 1,2,4-trichlorobenzene 85,000 U 
1,3-dichlorobenzene 85,000 U naphthalene 85,000 U 
85,000 U 4-chloroaniline 85,000 U1,4-dichlorobenzene 
85,000 U hexachlorobutadiene 85,000 Ubenzyl alcohol 
1,2-dichlorobenzene 85,000 U 4-chloro-3-methylphenol 85,000 U 2-methylnaphthalene 85,000 U2-methylphenol 85,000 U hexachlorocyclopentadiene 85,000 Ubis(2-chloroisopropyl)ether 85,000 U 2,4,6-trichlorophenol 85,000 U4-methylphenol 85,000 U 
n-nitroso-di-n-propylamine 85,000 U 2,4,5-trichlorophenol 410,000 U 
85,000 U 2-chloronaphthalene 85,000 Uhexachloroethane 
85,000 U 2-nitroani 1i ne 410,000 Unit robenzene 
85,000 U dimethyl phthalate 85,000 Uisophorone
acenaphthylene 27,000 J2-nitrophenol 85,000 U 
2,4-dimethylphenol 85,000 U 2,6-dinitrotoluene 85,000 U 
benzoic acid 410,000 U 
Date Extracted: 12/02/88
Date Analyzed: 12/14/88 
Dilution Factor: 3.92 
% Moi sture: 9 
u - Compound was analyzed for but not detected. The number is the detection limit for the 
sample.
J - Indicates an estimated value less than the detection limit. 
B - Analyte was found in the blank as well as the sample. 
EPA Method 8270 (GC/ME) 
Approved by 
..fa. Acc:recll'?:J t" l~e ,,:nencon AsSC:lollon lor! aboralory AccredItation In the chemlc(J1 93985 
~ held of test1D9 :::5 :slej in the current AALA DjfI~dory of AccredIted Laboratones 
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[D INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
5815 Middlebrook Pike. Knoxville Tennessee 37921 • 615 588 6401 
CERTIFICATE OF ANALYSIS 
TO DATE REPORTEDIT Corporat ion PROJECT CODE Oecember 28, 1988 
ATTN: Ed Alperin ORDER NUMBER: ITAO 42383 
312 Directors Drive PAGE 40630~F 
Knoxville, TN 37923 --r- ~ 
Sample Description: 5758 (So11) received December 1, 1988 UNTREATED SOIL C 
S£MIVOLATILE TARGET COMPOUND LIST (continued) 
Concentrat i on Concentration 
Compound (~g/kg dry weight) Compound (llq/kg dry weight) 
3-nitroani 1i ne 410,000 U anthracene 85,000 U 
acenaphthene 85,000 U di-n-butylphthalate 85,000 U 
2,4-dinitrophenol 410,000 U fl uoranthene 28,000 J 
4-nitrophenol 410,000 U pyrene 55,000 J 
di benzofu ran 85,000 U butyl benzyl phthalate 85,000 U 
2,4-dinitrotoluene 85,000 U 3,3'-dichlorobenzidine 170,000 U 
diethylphthalate 85,000 U benzo(a)anthracene 15,000 J 
4-chlorophenyl-phenylether 85,000 U chrysene 19,000 J 
fluorene 85,000 U bis(2-ethylhexyl)phthalate 85,000 U 
4-nitroanil i ne 410,000 U di-n-octylphthalate 85,000 U 
4,6-dinitro-2-methylphenol 410,000 U benzo(b)fluoranthene 34,000 J 
n-nitrosodiphenylamine 1 85,000 U benzo(k)fluoranthene 25,000 J 
4-bromophenyl-phenylether 85,000 U benzo (a) py rene 32,000 J 
hexach1orobenzene 85,000 U indeno(1,2,3-cd)pyrene 37,000 J 
pentachlorophenol 410,000 U dibenzo(a,h)anthracene 11 ,000 J 
phenanthrene 85,000 U benzo(g,h,i)perylene 110,000 
Date Extracted: 12/02/88 
Date Analyzed: 12114/88 
Dilution Factor: 3.92 
%Moisture: 9 
U - Compound was analyzed for but not detected. The number is the detection limit for the 
sample. 
J - Indicates an estimated value less than the detection limit. 
B - Analyte was found in the blank as well as the sample. 
1 - Detected as diphenylamine. 
EPA Method 8270 (GC/MS) 
Approved by 
<):) 9 85..fa AccreClled t:" lhC' Amencor. ,A,ssQ'::1aflon Jor ; aboralory AccredItatIon In Hoe Chemica.I 
.......~ l,e!c 01 teslmg as lIsted lr. lhe current AALA Ow~clory 01 Accre<llted Laboratones
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rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
5815 Middlebrook Pike. Knoxville Tennessee 37921.6155886401 
CERTIFICATE OF ANALYSIS 
fO	 IT Corporation DATE REPORTED: Apr; 1 21, 1989 
ATTN: Dick Helsel PROJECT CODE ITEK 43015 
312 Directors Drive ORDERNUMBER 407101.02.01.93 
Knoxville, TN 37923 PAGE~2~_ OF _2__ 
Sample Description: Three (3) soil samples received March 23, 1989 
Concentration units are mg/kg (ppm) 
SOIL A SOIL B 
BL-l UNTREATED UNTREATED 
620-17 -IR-0395 GG-0394 GG-0395 
naphthalene <11 680 66 
acenaphthene <1.6 210 390 
fluorene 2.6 170 230 
phenanthrene 3.3 410 490 
anthracene 1.7 <160 190 
f1 uoranthene 2.3 260 230 
pyrene 2.7 260 220 
benzo(a)anthracene 1.3 <160 55 
chrysene 2.2 <160 <150 
benzo(b)fluoranthene 2.5 46 34 
benzo(k)fluoranthene <1.6 39 18 
benzo(a )pyrene <1.6 <160 40 
dibenzo(a,h)anthracene <1.6 <16 <15 
benzo(g,h,i)perylene 2.4 18 18 
indeno(I,2,3-cd)pyrene 1.9 14 18 
Laboratory t1anager 
T:lle 
aana Accre'~118 j l: I :r.e "'.."r,C:11". Assc.~:nll' 1". lcr " "bcr:l!ory AccredJlallon :n Ihe chemlCoi 
~ lteld 01 leslmg :':5 hsled Jf: the CUrrell! AAi.A D"I1clory of Accredlled Laborofones 
A-25 
93985 
A-26
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FIGURE B-1 STATIC TRAY TEST SOIL TEMPERATURE PROFILES ~ SOIL A
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FIGURE B-2 STATIC TRAY TEST SOIL TEMPERATURE PROFILES - SOIL B
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FIGURE B-3 STATIC TRAY TEST SOIL TEMPERATURE PROFILES - SOIL C
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FIGURE 8-4 THERMAL DESORBER PILOT TEST TEMPERATURE PROFILES - SOIL A
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FIGURE 8-5 THERMAL DESORBER PILOT TEST TEMPERATURE PROFILES - SOIL B 
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ANALYTICAL DATA - TREATED SOILS
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rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION	 SERVICES 
5815 MIddlebrook Pike • Knoxvtlle Tennessee '37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
fO	 IT Corporation

ATTN: Dick Helsel
 
312 Directors Drive
 
Knoxville, TN 37923
 
Sample Description: Three (3) sOll samples 
Concentration units are mgjkg (ppm) 
ALl 
604-94-1R-0394 
naphthalene 36 
acenaphthene <1.6 
fluorene 6.1 
phenanthrene 8.0 
anthracene 3.7 
fluoranthene 16 
pyrene 16 
benzo(a)anthracene 4.7 
chrysene 13 
benzo(b)fluoranthene 18 
benzo(k)fluoranthene 6.1 
benzo(a)pyrene 4.8 
dibenzo(a,h)anthracene 3.5 
benzo(g,h,i)perylene 4.2 
indeno(I,2,3-cd)pyrene 11 
DATE REPORTED: Apri 1 21, 1989 
PROJECT CODE ITEK 43015 
ORDER NUMBER 407101.02.01.93 
PAGE_l__ OF_2~_ 
received March 23, 1989 
BL 2	 AL2 
604-92-1R-0395 620-1-1R-0394 
0.037 <0.16 
<0.016 <0.16 
0.035 0.18 
<0.016 0.66 
<0.16 <0.16 
<0.16	 0.58 
<0.16	 2.3 
<0.16 <0.16 
0.031 0.28 
<0.16	 0.27 
<0.16 <0.16 
<0.016 <0.16 
<0.016 <0.16 
<0.016 <0.16 
<0.016 <0.16 
tid 
Approvf'd by :yu Laboratory Manager 
Tllle 
aana. A:c~r",·j:l.,d l".,. r:";(' -\.'1'(!nc:.:r: ,A.ss0.~;otlcr, lor! noomlolY Accredltatlon m the chemlcaJ 939 B5 
..--.~ I;",q 01 leslmq :JS ,ISlf?d I:': the current A.1>J..A DlfBctOry oj AccredIted t aboralones 
C-2 
m INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION	 SERVICES 
5815 Middlebrook Pike. Knoxville Tennessee 37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
fO	 IT Corporation DATE REPORTED July 7, 1989
 
ATTN: Dick Helsel
 PROJECT CODE I TEK 43329 
ORDER NUMBER 407101.03.01.89
 
Knoxville, TN 37923 PAGE--3---.--0F ~
 
312 Di rectors Dri ve 
Sample Description: Two (2) soil samples received May 8, 1989 
Concentration units are pgjkg (ppb) 
BL	 3 AL3 
620-69-1R-0395 620-71-1R-0394 
Lab Test Sample Lab Test Sample 
fluorene	 <77 290 
phenanthrene 130	 310 
anthracene 180	 710 
fluoranthene <88	 210 
pyrene	 370 170 
benzo(a)anthracene OS	 OS 
chrysene	 OS 84 
benzo(b)fluoranthene 170	 45 E 
benzo(k)fluoranthene 150	 100 
benzo(a)pyrene 190	 <79 
dibenzo(a,h)anthracene <77	 <110 
benzo(g,h,i)perylene 240	 <79 
indeno(I,2,3-cd)pyrene 180	 <79 
E Value outside calibration range and therefore estimated. 
OS Peak off scale. 
/h/~c~ ~>:;;7(~ A..ppro~ Laboratory Manager 
..fa AccredIted ty the Amenca!1 AsSo;:lollOn lor Laboratory AccrectitatlOl1ll1 the chemical 
~ held 01 testmg as listed 10 the current N'l.A DlflKlory 01 Accredlled Laboralones 
C-3 
93985 
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION	 SERVICES 
5815 Middlebrook Pike • Knoxville Tennessee 37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
TO	 IT Corporation DATE REPORTED: April 21, 1989 
ATTN: Dick Helsel/Ed Alperin PROJECT CODE: ITEK 43101 
312 Directors Drive ORDER NUMBER: 407101.03.01.89 
Knoxville, TN 37923 PAGE_1__ OF _2__ 
Sample Description: Three (3) soil samples received April 7, 1989 
Concentration units are mg/kg (ppm) 
AP1RT8 AP2RT8 SPIRT8 
naphthalene 3.7 0.31 <1.6 
acenaphthene <1.6 0.021 <1.6 
fluorene 4.4 0.022 <1.6 
phenanthrene <16 0.032 2.8 
anthracene 2.6 <0.16 <1.6 
fluoranthene 14 <0.16 4.7 
pyrene 5.4 0.47 2.2 
benzo(a)anthracene 10 0.037 2.8 
chrysene 17 0.048 3.3 
benzo(b)fluoranthene 24 <0.016 3.0 
benzo(k)fluoranthene 11 <0.16 <1.6 
benzo{a)pyrene 9.7 0.026 <1.6 
dibenzo{a,h)anthracene 2.8 <0.16 <1.6 
benzo{g,h,i)perylene 20 <0.16 3.2 
indeno(1,2,3-cd)pyrene 16 <0.16 <1.6 
Laboratory t1anage; 
T;lIe 
••1'& 
~
Acc:re :;1" j !:, 1:-", "'.rr.eGI ~1r. ;"SS0,-:<1I:::: ler: mx;ralory Accmdl1allon;n n'.a chemlCal 
lleld 01 testmg as I:sled H, Ihe currer.: AN.A OlrectOlY 01 AccredJled LabOralones 
:}3 9 85 
c-4 
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
5815 Middlebrook Pike· Knoxville Tennessee 37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
TO IT Corporation DATE REPORTED Ap ril 21, 1989 
ATTN: Dick Helsel/Ed Alperin PROJECT CODE' ITEK 43101 
312 Directors Drive ORDER NUMBER: 407101.03.01.89 
Knoxville, TN 
Sample Description: 
Concentration units 
37923 
One (I) soil sample received April 
are mg/kg (ppm) 
naphthalene 
acenaphthene 
fluorene 
phenanthrene 
anthracene 
fluoranthene 
pyrene
benzo(a)anthracene 
ch rysene
benzo(b)fluoranthene 
benzo(k)fluoranthene 
benzo(a )pyrene
dibenzo{a,h)anthracene 
benzo(g,h,i)perylene 
indeno(1,2,3-cd}pyrene 
PAGE_2__ OF _2__ 
7, 1989 
BP2RT8 
<0.015 
<0.16 
0.26 
0.21 
<0.16 
0.028 
<0.16 
<0.16 
<0.16 
<0.16 
<0.16 
<0.16 
<0.16
 
<0 .. 16
 
<0 .. 16
 
t-;('; 
--:> 
~/>: /-;1 ! I 
.>,pproved by Laboratory Manager 
T:lle 
&ana. Ac:red:lp.'J l"y l~e Arr.('!r.c:m /I.ssc.~:al;::r lor! :Jooratory Accrefhtahon In tne chemIcal 
..--.~ lip.ld ot teslmg as listed In the current A.AJ..A DIrectory ot Accredlled Laboralones 
C-5 
93965 
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
5815 Middlebrook Pike. Knoxville Tennessee 37921.6155886401 
CERTIFICATE OF ANALYSIS 
TO	 IT Corporat i on DATE REPORTED: July 7, 1989 
ATTN: Dick Helsel PROJECT CODE: I TEK 43329 
312 Directors Drive ORDER NUMBER 407101.03.01.89 
Knoxville, TN 37923 PAGE-l--.. OF ~ 
Sample Description: Three (3) soil samples received May 8, 1989 
Concentration units are wgjkg (ppb) 
AP3-RT42 AP4-RT42 AP4-RT42D
 
Thermal Desorber Thermal Oesorber Thermal Desorber
 
Outfa 11 Outfa11 Outfall
 
fluorene 3,700 OS 690 
phenanthrene 4,600 OS 250 
anthracene 1,600 E 120 900 
fluoranthene 12,000 2,900 E 1,700 E 
pyrene 2,600 230 220 
benzo(a)anthracene 3,800 260 220 
chrysene 23,000 1,300 E 380 
benzo(b)fluoranthene 9,000 2,400 960 
benzo(k)fluoranthene 4,900 390 E 310 
benzo(a)pyrene 3,800 1,900 340 E 
dibenzo(a,h)anthracene 2,900 310 500 
benzo(g,h,i)perylene 6,500 310 1,000 
indeno(1,2,3-cd)pyrene 7,000 E 2,000 1,000 
E = 
OS = 
Value outside calibration 
Peak off scale. 
range and therefore estimated. 
~<.- 'f'~#i.& 
"",pTa e 1 '1Y Laboratory Manager 
T;lIe 
aara AccreCllleci by the A'11encan Assoclallon lor Laboratory AccredJ1allon m the chemIcal 
~ l:eld 01 testmg as llsled In the current AALA DlrectOlY oj AccredIted Laboratones 
c-6 
9J 9 85 
m INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
5815 Middlebrook Pike. Knoxville Tennessee 37921 • 61 5 588 6401
 
CERTIFICATE OF .ANALYSIS 
f('l IT Corporation

ATTN: Dick Helsel
 
312 Directors Drive
 
Knoxville, TN 37923
 
Sample Description: Three (3) soil samples 
Concentration units are Ug/kg (ppb) 
fluorene 
phenanthrene 
anthracene 
fluoranthene 
pyrene 
benzo(a)anthracene
chrysene
benzo(b)fluoranthene 
benzo(k)fluoranthene
benzo(a )pyrene 
dibenzo(a,h)anthracene 
benzo(g,h,i)perylene
indeno(1,2,3-cd)pyrene 
4D 
AP%-RT42
 
Thermal Desorber
 
Gutfa11
 
550
 
190
 
810
 
2,300
 
<310
 
300 E
 
420
 
1,600
 
360
 
430
 
290
 
1,400 E
 
290
 
DATE REPORTED Ju ly 7, 1989
 
PROJECT CODE ITEK 43329
 
ORDER NUMBER: 407101.03.01.89
 
PAGE--2.--- OF ~
 
received May 8, 1989 
BP3-RT42
 
Thermal Oesorber
 
Outfall
 
1,400 E 
6,600 E 
1,200 E 
23,000 
4,800 
5,000 
8,000 
6,100 
2,000 
3,000 
<1,600 
4,100 
4,200 
BP4-RT42
 
Thermal Desorber
 
Outfa11
 
440
 
230
 
87 E 
4,000 
1,000
 
120 E
 
310
 
400
 
150
 
140 E
 
<150
 
430
 
<150
 
E Value outside calibration range and therefore estimated. 
Laboratory r1anager 
..ra Accredited bY.. the Amencan Assa:lohon lor Laboratory Accredllahan m the chemical 
~ held ot lesfmq as listed in the current AAl.A Directory 01 Accredited Laborotones 
C-7
 
93985 
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION	 SERVICES 
5815 Middlebrook Pike • Knoxville Tennessee 37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
ro	 IT Corporat i on DATE REPORTED December 16, 1988
 ATTN: Dick Helsel PROJECT CODE- ITAQ 42406
 
312 Directors Drive ORDER NUMBER: 406308.01.01.93
 
Knoxville, TN 37923	 PAGE_1__ OF 1 
Sample Description: Three (3) soil samples received December 6, 1988 
Concentration units are ~g/kg (ppb) 
Tray Tests 
eLl CL2 CL3 
604-30-2A-5758 604-32-2A-5758 604-34-2A-5758 
Phenanthrene 540 680 290 
Pyrene 3,200 2,900 390 
Chrysene 2,600 2,200 190 
Benzo(k)fluoranthene 6,500 5,500 1,600 
Benzo (a )py rene 9,000 7,400 <800 
EPA	 Method 8310 (HPLC) 
/1 L.r' ;//;vt ....1 //:7 
..' - '~'(-h.I{,--,!,--_- _ -.:. _ ~_:1.(--:...t-,-i'..o.." _ 
Approw~d byV Laboratory ~4anager 
...ra Ac,:,,,· ::!>: L, 1:;(0 ~_"L,or.C:Jn A.ssc~ialKr! lcr: oboralory Accredllallon In the chemical 93965 
~ t:eid c! :es!I:-\Q :::S :sled I~ the curren: AAJJ. Directory 01 AccredIted Laboralones 
C-R
 
ffi INTERNATIONAL ANALYTICAL W[§©[§D\§~., ;;.\0TECHNOLOGY	 ~,';" '; ,''0 CORPORATION	 SERVICES )11\' . ., l\jAHJf~~J ~}';: 
5815 Middlebrook Pike. Knoxville Tennessee 37921 • 615~588~B401 ~~.,0+-:;';(( 
; WlI.." ITS ~4$ 
CERTIFICATE OF ANALYSIS 
fO	 IT Corporation
 
ATTN: Dick Helsel
 
312 Directors Drive
 
Knoxville, TN 37923
 
Sample Description: One (1) soil sample 
Concentration units are vg/kg (ppb) 
Phenanthrene 
pyrene 
Chrysene 
DATE REPORTED January 18, 1989 
PROJECT CODE ITAQ 42552 
ORDER NUMBER 406308.01.01.93 
PAGE_l....--OF -l-.-....­
received December 15, 1988 CP 1 
5771-02
 
540
 
740
 
640
 
Benzo(k)fluoranthene 720 
Benzo(a)pyrene 770 
EPA Method 8310 (HPLC) 
ApproJed '.0;" laboratory Manager 
;1,tle 
93 9 85 
..fa A :.::;/.?:::l?d i:'Y, Ihp Amencon AsS,,:lOllon !or loborator'/ Accreditation In the chemical 
~ 1:'0';(1 Of wstmq as hsted If: lhe curren: AAl.A Director', 01 Accredited Loborolones 
c-q 
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
5815 Middlebrook Pike. Knoxville Tennessee 37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
TO IT Corporation DATE REPORTED' January 25, 1989
 
PROJECT CODE ITAQ 42482
ATTN: Dick Helsel 
ORDER NUMBER 406308.01.01.80312 Directors Drive 
PAGE-J-- OF -l2--Knoxville, TN 37923 
)ample Description: 5771-02 (Soil) received December 15, 1988 CP 1 
SEMI VOLATILE TARGET COMPOUND LIST 
Concent rat ion Concent rat ion 
Compound (~g/kg dry weight) Compound (~g/kg dry weight) 
phenol 650 U bis(2-chloroethoxy)methane 650 U 
bis{2-chloroethyl)ether 650 U 2,4-dichlorophenol 650 U 
2-chlorophenol 6S0 U 1,2,4-trichlorobenzene 650 U 
1,3-dichlorobenzene 650 U naphthalene 650 U 
1,4-dichlorobenzene 650 U 4-chloroaniline 650 U 
benzyl alcohol 650 U hexachlorobutadiene 650 U 
1,2-dichlorobenzene 650 U 4~chloro-3-methylpheno' 6S0 U 
2-methylphenol 6S0 U 2-methylnaphthalene 650 U 
bis(2-chloroisopropyl)ether 650 U hexachlorocyclopentadiene 650 U 
4-methylphenol 650 U 2,4,6-trichlorophenol 650 U 
n-nitroso-di-n-propylamine 650 U 2,4,S-trichlorophenol 3,100 U 
hexachloroethane 650 U 2-chloronaphthalene 650 U 
nitrobenzene 650 U 2-nitroaniline 3,100 U 
isophorone 650 U dimethyl phthalate 650 U 
2-nitrophenol 650 U acenaphthylene 650 U 
2,4-dimethylphenol 650 U 2,6-dinitrotoluene 650 U 
benzoi c ad d 3,100 U 
Date Ext ract ed: 12/22/88 
Date Analyzed: 12/29/88 
Dilution Factor: 2 
%Moi sture: o 
U - Compound was analyzed for but not detected. The number is the detection limit for the 
sample. 
J - Indicates an estimated value less than the detection limit. 
S - Analyte was found in the blank as well as the sample. 
EPA Method 8270 (GC!MS) 
~ppr0 ~<~ t." Laboratory i1anager 
..fa Pccre 'll'?d ty thE' Aml'nc::m f>.sS0~1(11IC r, Ie r : nborator; AccredltallOfl m the chemical 
~ llele at Jestmg as !lsted If\ the current APJ..A Directory oj AccredIted Laboratones 
C-IO 
93965 
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION	 SERVICES 
5815 Middlebrook Pike • Knoxville Tennessee 37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
TO	 IT Corporation DATE REPORTED- Janua ry 25, 1989
 
ATTN: Dick Helsel PROJECT CODE ITAQ 42482
 
312 Directors Drive ORDER NUMBER 406308.01.01.80
 
Knoxville, TN 37923 PAGE-4-- OF --l.2-.-

Sample Description: 5771-02 (Soil) received December 15, 1988 CP 1 
SEMIVOlATILE TARGET COMPOUND LIST (continued) 
Concentration Concentration 
Compound (ug/kg dry weight) Compound (ug/kg dry weight) 
3-nitroanil ine 3,100 U anthracene 650 U 
acenaphthene 650 U di-n-butylphthalate 650 U 
2,4-dinitrophenol 3,100 U fluoranthene 650 U 
4-nitrophenol 3,100 U pyrene 650 U 
dibenzofuran 650 U butyl benzyl phthal ate 650 U 
2,4-dinitrotoluene 650 U 3,3 1 -dichlorobenzidine 1,300 U 
diethylphthalate 650 U benzo(a)anthracene 650 U 
4-chlorophenyl-phenylether 650 U chrysene 650 U 
fluorene 650 U bis(2-ethylhexyl)phthalate 650 U 
4-nitroaniline 3,100 U di-n-octylphthalate 650 U 
4,6-dinitro-2-methylphenol 3,100 U benzo(b)fluoranthene 650 U 
n-nitrosodiphenylamine 1 650 U benzo(k)fluoranthene 650 U 
4-bromophenyl-phenylether 650 U benzo{ a)pyrene 650 U 
hexachlofobenzene 650 U indeno(l,2,3-cd)pyrene 650 U 
pentachlorophenol 3,100 U dibenzo(a,h)anthracene 650 U 
phenanthrene 650 U benzo(g,h,i)perylene 330 J 
Date Extracted: 12/22/88 
Date Analyzed: 12/29/88
Dilution Factor: 2 
%Moisture: o 
U -	 Compound was analyzed for but not detected. The number is the detection limit for the 
sample.
J - Indicates an estimated value less than the detection limit. 
B - Analyte was found in the blank as well as the sample. 
1 - Detected as diphenylamine. /!~, ,<7 L 
L Ltg ( ~ >t' Y.4'1i t tc 
Arproved by t/ Laboratory Manager 
TItle 
93985..na Accrecll'?d t;". t~e ,AJr."'f1c:m AsSC.-lotlcn lor: aboratory Accredllallon m the chemical 
..--.~ lleld 01 testmg as listed In lhe curren! AtUJ.. DIrectory 01 Accredited Laborotones 
C-l1 
__
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION	 SERVICES 
5815 M,ddlebrook Pike. Knoxville Tennessee 37921 .615 588 6401 
CERTIFICATE OF ANALYSIS 
fO	 IT Corporation
 
ATTN: Dick Helsel
 
312 Directors Drive
 
Knoxville, TN 37923
 
Sample Description: Two (2) ash samples 
Concentration units are mg/kg (ppm) 
naphthalene 
acenaphthene 
fluorene 
phenanthrene 
anthracene 
fluoranthene 
pyrene 
benzo(a)anthracene 
chrysene 
benzo{b)fluoranthene 
benzo(k)fluoranthene 
benzo(a)pyrene 
dibenzo(a,h)anthracene 
benzo(g,h,i)perylene 
indeno(1,2,3-cd)pyrene 
DATE REPORTED: April 13, 1989 
PROJECT CODE ITAQ 42958 
ORDER NUMBER 407100.02.01.93 
PAGE_1__ Of _1__ 
received March 13, 1989 
CP 2 CP 3
 
0213890202 0214890302
 
0.30 <0.76 
0.39 0.76 
1.5	 0.48 
0.30 2.7 
0.068 0.61 
0.56 2.4 
0.74 3.4 
1.4	 L8 
1.0	 2.1 
0.51 4.5 
0.77 2.9 
0.53 7.4 
1.0 12 
2.5 24 
0.64 14 
Laboratory Manager 
T:!le 
9;1 9 asra Ac:re ::tf? j : 't.. t~{ i~,",'T'; r._""J:": A.sSC':::l!j:r ::r,~ ,JbOr0!ory Accredltahor. ~n the chemical 
~ l:eld 01 leslmo ·::1S ;~Sle(l 1:-'. the current A.~ Directory at Accredlled Laboralones 
C-12 
rn INTERNATIONAL ANALYTICALTECHNOLOGY CORPORATION SERVICES 
CERTIFlCATE OF ANALYSIS 
IT Knoxville/HWRIC June 6, 1989 
312 Directors Drive 
Knoxville, TN 37923 
Attn: Dick Helsel 
Job Number: P905080 
The Certificate of Analysis is for the following: 
Client Project ID: 407101 
Date Received by Lab: 5/17/89 
Number of Samples: Four (4) 
Sample Type: Soil 
I. Introduction 
On Hay 17, 1989, four soil samples were received at lTAS Pittsburgh, labeled as 
follows: 
API-RT8 BP l-RT8
 
AP2-RT8 BP2-RT8
 
II. Analytical Results/Methodology 
Results are presented in the enclosed table and were determined in accordance with 
Quick Chem Hethod No. 10-204-00-1-A, LACHAT Instruments-198? 
Detection limits are based on sample concentration and expressed in milligrams per 
kilogram or parts per million. Duplicate results indicate duplicate analysis. 
Please note, as discussed in previous telephone conversations, the samples were 
analyzed past the 14 day recommended holding time. 
Manager 
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IT Analytical Services 5103 Old William Penn Highway, Export PA 15632 6ljl189 
C-J3 
HWR1C IT ANALmCAL SERVICES 
Date: 6/6/89 PITTSBURGH. PA 
Client Project 1D: 407101 Job Number: P905080 
General Chemistry Analysis 
Client Sample 1D: 
Sampled By: 
Sample Date: 
Analysis Date: 
See Below 
AG/KF 
4/7/89 
5/24/89 
Client Sampl~ 1D: 
Total Cyanide 
mg/Kg 
API-RT8 
AP2-RT8 
13 
2.5 
BPI-RT8 
BP2.-RT8 
2.8/4.5 
3 7 
Ma t rix Sp ike 
Percent Recovery 
BP2-RT8 125% 
68218S 
C-14
 
